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ABSTRACT 


Project  Firefly  1960,  the  upper  atmosphere  chemical  release  program  of  the 
Geophysics  Research  Directorate,  in  cooperation  with  other  participating  agencies, 
has  provided  a  systematic  study  of  several  types  of  upper  atmosphere  pertm^Uons. 
Reports  on  reduced  and  interpreted  data  from  a  number  of  optical  and  radio^fre* 
quency  stations  have  been  prepared  by  participants,  and  published  as  a  ORD  special 
report.  A  preliminary  crosscorrelation  of  that  information  is  presented  in  this 
summary.  The  summary  consists  of  an  introduction,  special  sections  on  missile 
trails  and  weapons  effects,  and  sections  on  groups  of  releases: 

night  point  electron  high  explosive  cobalt  particles 

sunlit  point  electron  hydrocarbon 

cesiiun  trail  electron  removal  alumina  particles 

The  summary  section  for  each  group  of  releases  includes  a  statement  of  objectives, 
observations,  conclusions,  recommended  further  data  analysis,  and  recommended 
further  experiments. 


1.  SCOPE  AND  QBJgOnVB  0F  PilOQRAH 


Upper  atmosphere  studies,  prior  to  the  evailebUi^  of  rockets,  were  ec> 
coii4)lished  largely  through  ground-based  observations  of  natural  perturbationa,  by 
radio  frequency  sensors  which  detect  electron  inhomogeneities,  and  optical  sensors 
vdiich  detect  light  scattered  and/or  emitted  by  atoms,  molec\iles,  iosss,  and  parti¬ 
culate  matter.  With  rockets  and  satellites  available,  the  upper  atmosphere  is  now 
being  studied  with  vehicle -borne  sensors.  An  alternate  approach  to  upper  atmos¬ 
phere  studies  has  also  been  made  possible  by  such  vehicles.  This  is  the  artificial 
perturbation  of  the  upper  atmosphere  by  release  of  vehiele-bome  chemicals.  Bx- 
periments  of  increased  versatility  are  therefore  possible  since  the  study  is  no  longer 
restricted  to  unpredictable  natural  perturbations.  Chemical  release  studies  of 
composition  (e.g.  by  release  of  nitric  oxide  or  ethylene),  of  temperature  (e.  g.  by 
sodium  spectral  resonance  broadening),  of  electron  processes  (e.g.  by  cesium  re¬ 
leases),  of  diffusion  and  winds  (e.  g.  by  solar-illuminated  sodium  and  potassium 
releases)  have  been  previously  reported  by  this  and  other  laboratories. 

Controlled  chemical  releases  provide  a  unique  technique  for  analysis  of 
those  upper  atmosphere  processes  which  have  a  physical  scale  larger  than  can  be 
measured  by  point  sampling  of  vehicle -borne  sensors.  Natural  perturbations  such 
as  sporadic  E  and  artificial  perturbations  such  as  missile  trails  inherently  involve 
this  large  physical  scale.  The  chemical  release  program  of  the  Geophysics  Re¬ 
search  Directorate  (Project  Firefly)  has  provided  a  systematic  deternoination  of 
some  of  the  basic  variables  of  such  perturbations,  ao  that  they  can  be  controlled 
or  simulated  as  required. 
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The  Project  Firefly  1960  expiiiiiieiitc  Wire  cerried  <Hit  to  ifa49'  ^ 
physical  and  chemical  properties  of  electrons,  ions,  iases  and  fiertictilate  xttciller 
folloering  their  release  at  high  velocity  and  at  hi|^  altitude.  releases  lssv« 
designed  to  evaluate  (a)  the  early  explosive  expansion  of  these  species  prior  io 
pressure  equilibrium,  (b)  the  later  expansion  vdien  molecular  iBIiNsiOn  or  tur¬ 
bulent  processes  are  important,  (c)  the  processes  ieaidln|[  to  dtssipatkHS:  Of  ^ 
perturbed  region  through  interaction  with  the  ambient,  (d)  models  describiiig 
the  nature  of  electron  inhomogeneitieB,  (e)  mechanisms  for  light  eiuission  under 
sunlit  and  under  dark  conditions,  and  (f)  communication  cmpabilitiss  of  arUficially 
created  high  electron  densities. 

The  field  program  included  two  basic  areas:  (1)  the  observation  Of 
missile  targets  on  the  Atlantic  Missile  Range  {AMR),  and  (2)  the  controlled  re¬ 
lease  of  selected  chemicals  into  the  upper  atmosphere.  Both  of  these  efforts 
have  been  integrated  with  theoretical  and  laboratory  experimental  atudieS  (both 
by  GRD  and  by  other  agencies)  in  order  to  provide  the  fullest  interpretation  of 
the  observed  phenomena.  Volumes  I  and  II  of  this  report  cover  the  chemical  re¬ 
lease  program  conducted  in  1960,  which  consisted  of  a  series  of  33  chemical 
releases  (listed  in  Table  I)  from  verticle  probe  rockets  at  Eglin  AFB  during 
July  and  August  1960;  and  Volume  III  covers  missile  trail  observations  on  the 
Atlantic  Missile  Range. 

The  chemical  release  experiment  consists  of  the  release  itself,  and 
observation,  data  reduction  and  data  interpretation  by  participating  groups.  The 
participants  (namedin  the  Table  of  Contents  of  this  report)  included  maiqr  groups 
making  simultaneous  observations,  each  stuctying  the  aspects  of  most  pertinence 
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to  its  own  intersots.  Hie  resulting  large  pool  of.  information  has  permitted  cross¬ 
correlation  in  a  number  of  ways  both  for  basic  geophysics  data  and  for  specific 

military  applications.  Optical  equipment  included  (a)  cameras  with  framing  rates 

1007  2001 

from  600  frames  per  second  to  one  frame  per  10  seconds,  (some  equipped 
with  narrow  band  interference  filters),  ^^^b)  television  light  ampltfiers^^^^in  the 
visible  and  near  I.R. ,  and  (c)  spectrometers  and  photometers  in  the  visible^^^^ 
^®®«nd  infrared.  Radiofrequency  equipment  included®®®^*  ®  " 


(a)  8  -  20  me 


ionosondes  and  (b)  multiple  fixed  frequency  sounders  recording  forward  and  back- 

scatter  above  6  me. ,  including  Doppler  and  phase  shift  displays, 

aOQl. 8037. 6059. 

and  (c)  modulated  forward  scatter  radiofrequency  transmissions  at  VHF. 


5139. 


The  program  was  carried  out  in  a  single  field  trip  so  that  the  equipment  was 


set  up  only  once  for  all  thirty-three  releases. 

The  present  report  is  in  fact  a  collection  of  individual  reports  made  by 
each  of  the  groups  of  observers  on  the  entire  test  series;  and  the  main  purpose  of 
this  summer;/  section  is  a  preliminary  cross  correlation  of  their  observations  for 
each  type  of  release  (or  missile  phenomenon).  ^“**1  dlscassions  held  during  a 
symposium  on  Project  Firefly  (31  Jan  md  1  Feb  1961)  at  AFCRL  are  also  included 
in  the  report.  Over  the  next  months,  further  cross  correlafioas  of  the  existing  data 
will  be  made  by  several  of  the  participating  groups  to  provide  more  detailed  models 
of  upper  atmosphere  perturbations. 


NOTE:  Superscript  numbers  are  references  to  pertinent  page  numbers  in  Volumes 
I,  n,  andm. 
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S.  ABPA  SPOWBOiaED  STUDIES  OF  mSSIIJt  MWOMENA 

8.1  Introduction 

All  «xi«ting  or  ivopotod  ICBM  vehiclts  aro  launched  fagr  enginea  which  re- 
laaae  large  quaatitiea  of  chemlcala  -  electrona«  iona.  gaaea,  and  particulate  mat¬ 
ter  -  at  hi^  velocities  and  over  a  wide  range  of  altitudea  (up  to  ISO  km  for  the 
lfinuteman«  300  km  for  the  Atlaa).  It  is  improbable  that  the  1000  -  100. 000  cubic 
Idlometera  occupied  by  these  exhaust  species  with  their  radically  different  com¬ 
position  from  the  ambient  atmosphere  can  be  hidden  from  an  adequate  surveillance 
system. 

8.2  Objectives 

The  Geoplqfsics  Research  Directorate  has  carried  out  a  program  under 
ARPA  Order  42  directed  towards  answering  the  following  six  questions! 

(1)  What  atmospheric  characteristics  are  modified  and  what  phenomena 
are  produced  by  the  passage  of  a  missile  through  the  upper  atmosphere  ? 

(2)  What  are  the  chemical  and  physical  mechanisms  responsible  for  the 
modification  of  atmospheric  characteristics  and  for  the  phenom^ng 
produced? 

(3)  Which  of  these  are  general  to  all  vehicles,  times,  and/or  places  and 
which  are  specific  to  specific  vehicle  1ypes«  specific  times  of  obser¬ 
vation,  and/or  specific  observer-vehicle  positions? 

(4)  Which  of  these  effects  are  sutdect  to  control  (enhancement  or  atten- 
uation)  by  missile  designers  or«launchers,  by  means  of  additives, 
changes  in  engine  design,  time  of  launch,  decoys,  or  masks? 


(5)  Which  phenomena  can  be  eifectively  aaedt.  ^  whet  ih: 

(a)  munreUlance^  detection^  tracks  and  dtaertrotnaUpn 
(W  pireventton  of  surveillance^  deteetioh«  traoki,  and  dlafeeiawiiiaitton 
by  an  AICBM  system 
(e)  design  of  deeoya  and  falae  alarma 


3.  DASA  VPOXmOBXD  STUDOBS  OF  CHKHICAL  BBUAIM 

Nuclear  detonatioDS  in  the  upper  atmosphere  produce  artificial 
upper  atmosphere  perturbations » It  has  been  suggested  that  some  of 
these  effects  can  be  stuped  by  releasing  suitable  materials  in  the  upper  atsaos* 
phere.  DASA  mra  S28-61,  dated  11  August  1860(  inittatfd  a  program: 

(1)  to  evaluate  vrihich  nuclear  effects  can  be  mqnropriately  studied  by 
chemical  releases 

(8)  to  analyse  existing  data  on  chemical  releases  irtMrs  appu^fib'k 

(3)  to  design  and  eaepute  specific  experiments 


it 


4.  IQOBT  FOntT  XLaCimOII  CLOOOt 


Five  ttoint  •tectron  cloudi  war*  ralaaMd  at  ttX^:  Catfegr*  Amgr, 

Betay,  Rutt^  and  Gtorta,  ranging  in  altitude  from  SO  to  140  km,  each  with  an 
identical  net  payload  of  20  kllograme  of  ceaium-containing  mixture. 

4.1  Oblectivee 

The  objectivee  of  thia  group  of  releaaea  were  (1)  to  create  a  region  of 
local  high  electron  denaity  for  over-horison  conununicatten;  (2)  to  sfeudy 
maaa  tranaport.  chemilumineaeence  and  thermal  emiaaion  from  gaaea  and 
aolida  ejected  at  high  velocity  in  the  abaence  of  aunlight  and  (3)  to  determine 
the  rate  of  decay  of  electron  denaity  in  the  abaence  of  ionising  aunlight. 

4.3  Dtacuaaton 

Bxnerimental  around  atudtea  were  conducted  on  a  CaNO^/Al  mixture 
with  an  organic  chemical  binder  to  maximise  the  initial  ionisation  achieved  in 
the  release,  since  in  the  absence  of  solar  photoirniisation  this  initial  ionization 

representa  the  only  source  of  electrons  for  the  night  releases.  The  ground 
studies  led  to  a  composition  of  lower  sensitivity^^^^  than  the  charges 

of  the  previous  1959  series.  Furthermore,  the  higher  mass  density  led  to 

a  faster  reaction  rate.  Whether  this  was  translated  into  increased 

yields  has  not  yet  been  fully  assessed. 

4083 

The  composition  of  each  of  the  point  releases  produced,  at  altitude, 
a  3500  plasma  mixture  of  10  kg  of  finely  divided  aluminum  oxide.  300  moles 
of  inert  gases  (including  carbon  monoxide  and  hydrogen).  30  moles  of  cesium 
and  sodium  vapors,  and  a  small  fraction  of  cesium  ions  and  free  electrons. 
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In  ifimal  obtfvtloiMi  following  mteiuM.  t)i*  ebtaiicnl  ckMii  nipniiid 
to  Idrm  a  eirela  ot  light  triilch  grew  in  the  first  two  eecoade  to  elKNit  oitO  dt<* 
gree  in  diameter  (2  km)  with  an  orange  tint  due  to  52B2A  radiation  from  the 
email  codium  content.  The  tint  diaappeared  after  about  ten  aeconds,  leaving 
a  low-intensity  but  clearly  visible  white  circle,  vdiich  slowly  developed  a 
hole  in  its  center  and  faded  over  SO-SOO  seconds  trtiile  growing  to  a  diSmeter 
of  3^  (ft  km).  The  hole  in  the  center  suggests  that  the  lurainescOnce  occurs  at 
the  surface  of  a  diffOslng  sphere  of  gaseous  products.  The  hli^st-altitttdo 
cloud  (140  km)  failed  to  develop  the  central  hole,  suggesting  that  rapid  diffu¬ 
sion  at  this  altitude  prevented  formation  of  a  defined  surface. 

The  optical  observations  in  the  first  seconds  showed  in  tiuroe  eases 
a  single  expanding  sphere  of  gas  reaching  200-500  meters  radius  at  0. 2  sec¬ 
onds,  and  400-1000  meters  In  1  second,  gradually  fading  over  10-30  seconds. 

loss 

In  the  other  two  cases,  a  double  expanding  sphere,  one  at  higher  velociliy, 
the  other  matching  those  above,  was  recorded  in  the  first  second.  A 
photometer  aimed  at  a  point  5  km  away  from  one  of  the  double  ^sphere  bursts 
showed  a  transient  light  wave  at  1. 3  seconds,  suggesting  a  4  km/ sec  average 
velocity  for  the  outer  wave.  The  outer  sphere,  possibly  radiating  solids,  dis¬ 
appeared  at  about  the  one  second  mark  at  a  radius  of  1  -  3  km.  Black  bp4y 
radiation  from  solid  Al^O^  would  result  in  a  temperature  given  by  250 
(D/t)  vdiere  D  is  the  particle  diameter  in  microns  and  t  the  time  in  seconds. 
The  temperature  of  a  1  micron  particle  will  drop  from  1100^  at  0.01  sec  to 
500^  at  0. 1  sec;  so  that  black  body  radiation  will  be  negligible  at  0. 1  sec. 

On  the  other  hand,  a  10  micrtm  particle  will  still  have  a  temperature  of  1100*^ 


K  at  0. 1  awgoacl  and  black  bo^jr  radiattoa  nviU  ba  aigbUicaflt  ft>r  inch  iiaa 
parllcila. 

Mb  adequate  apectf al  data  on  the  fnraiatent  luminoua  cloud  waa  ob- 

-0  2 

tained  because  of  the  low  intensity,  estimated  as  10  watt/cm  star.  How- 
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ever,  the  continued  etnisaion  over  SOO  seemds  at  low  intensity  totallsd  2  x  10 
ergs  of  luminous  energy,  fince  the  entire  payload  contained  only  10  x  10^^ 
ergs,  and  conversion  efficiencies  for  chemical  energy  to  light  emission  rarely 
exceed  a  fraction  of  one  per  cent,  it  is  probable  that  a  source  of  ambient 
energy  was  tapped,  possibly  oxygen  atom  recombination.  The  luminescence 
probably  was  not  line  emission,  since  it  was  not  recorded  by  the  sensitive 
spectrograph. 

The  r.f.  observations  showed  initial  radial  growth  of  the  electron 
front  aiqirmdmately^^^^matching  the  optical  growth,  but  sufficiently  trans¬ 
parent  so  that  both  the  near  and  far  electron  gradients  could  be  separately 
recorded;  i.e. ,  both  increasing  and  decreasing  Doppler  shifts  were  simult¬ 
aneously  recorded,  tapering  off  afterabout  one  or  two  seconds  at  diameters  of 
1-3  km,  depending  on  altitude.  There  was  a  consistent  pattern  of  more 

rapid  electron  density  decay  at  the  highest  altitude  (140  km)  than  at  the  lowest 
altitude  studied  (94  km). 

The  electron  drift  could  be  followed  by  ionosondes  for  about  1000 
seconds,  ^^^typically  as  a  westerly  dxdft  at  about  50  meter/sec.  Optical 
data  confirmed  the  initial  ionosonde  position,  but  was  not  available  for  times 
SuHicient  to  record  drift  in  these  night  releases. 


4. 3  Condualoci  ar«  —  fallow; 


(1) 

<8) 

(S) 

(4) 


Sufficient  electron  yields  csn  be  achieved  in  the  abienr#  iuii*- 
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light  for  over-horison  r.  f.  reflections. 

Visible  lunoinescence  from  the  surface  of  a  reactins  gas  masi 
is  present  for  some  minutes 

Radial  expansions  of  electrons  and  gas  front  are  at  siniUar 
velocities,  the  gas  reaching  ambient  pressure  within  1-8 
seconds. 

Electron  decay  to  ambient  densities  is  slower  than  would  he  ex¬ 
pected  in  the  absence  of  i<»)ising  sunlight. 


4. 4  Further  data  analysis  is  required  to  answer  the  following: 

(1)  How  closely  do  optical  and  r.f.  growths  match? 

(2)  How  closely  do  r.  f .  cross  sections  measured  by  different  equip¬ 
ment  agree? 

(3)  Is  a  consistent  model  possible  for  all  observations? 

(A)  Is  the  model  of  ionisation  suggested  by  observed  internal  cloud 
motions  sufficiently  accurate  to  define  an  electron  yield? 

(8)  What  are  the  controlling  processes  and  rates  for  electron  density 
decay? 

4. 5  Further  experiments  are  required  to  answer  the  following: 

(1)  Would  a  multiple  point  release  be^^^^more  effective  than  a 
single  point  release  as  an  r.f.  reflector? 


If 


(2)  What  la  the  cauae  of  a  aingle  aphere  veraua  a  double  aphere  from 
otherariae  identical  releaaea? 

(3)  What  la  the  chemilumineacent  apectrum  and  the  mechanlam? 

<4)  Can  higher  altitude  peraiatence  of  high  electron  denaitlea  be  in> 

ereaaed  by  magnetic  field  eirtrapment? 

(5)  What  ia  the  lower  altitude  limit  for  effective  reflectiona? 

<6)  What  proceaaea  involving  reactiona  with  ambient  are  important? 

5.  SliWUT  POINT  ELECTRON  CLOUDS 

Nine  aunlit  point  electron  clouda  were  releaaed,  ranging  in  altitude 
from  74-115  km.  Five  of  theae  releases,  Marie,  Peggy,  Olive,  Jeannie  and 
Dolly,  had  identical  payloads  of  20  kilograms  of  a  cesium-containing  mixture; 
three,  Margie,  Lola,  and  Zelda,  had  the  same  composition  but  larger  pi^- 
loads  of  SO  -  80  kilograms;  and  one,  Suaan.  utilised  the  same  composition 
but  at  a  33%  lower  maas  density,  which  had  been  used  in  the  previous  year. 

5. 1  Objectivea 

The  objectives  of  this  group  of  releases  were:  (1)  to  create  a  region 
of  local  high  electron  density  for  r.f.  conununication;  (2)  to  study  mass  trans¬ 
port.  and  solar  scatter  and  resonance  radiation  from  solids  and  gases  in  the 
presence  of  sunlight  and  (3)  to  determine  the  rate  of  decay  of  electron  density 
in  the  presence  of  ionizing  sunlight. 

5.2  Discussion 

Laboratory  data  gives  a  tinw  constant  for  solar  photoionization 
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of  cooluin  vapor  of  tlio  ordar  Of  two  thouaaod  aacooda.  tlma,  oiaa  |prO#qt 
ioniaatlon  may  be  expected  in  approximately  twenty  iecon^a^  If  the  lOttillMipi^ 
acMevad  in  the  initial  releaae«  before  photoioniaation^  waa  one  percent.,  theh 
reflectivity  of  the  cloud  at  timea  much  ahorter  than  twenty  aecmtda  would  not 
be  affected  by  photoionieation  and  would  be  aimilar  in  night  and  aunlit  rtlaiaaoo* 
If  the  initial  ioniaatlon  waa  leea.  then  ni^  and  atmlit  clouda  ahould.  of 
courae.  be  aimilar  in  behavior  for  ahorter  timea.  Therefore,  the  ttmi  of 
almilarity  between  night  and  aunlit  releaaea  ahould  allow  an  eatiniate  of  tm 
ioniaatlon  achieved  in  the  initial  releaae.  which  cannot  be  meaaured  in  gropad 
teata.  At  longer  timea  the  daylight  releaaea  are  expected  to  enter  a  aecond 

phaae  of  ionlaation  due  to  the  preaence  of  aunli|d*t. 
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The  compoaition  of  theae  releaaea  waa  identical  to  the  night  point 
electron  clouda. 

Vlaual  obaervatlona  following  releaae  indicate  a  rapidly  growing 
eerieg  of  two  concentric  circlea  of  light,  the  innormoat  of  vdiich  ahowed  the 
aodium  orange  reaonance  radiation.  Rapid  radial  growth  of  the  outer  circle 
waa  to  (10  km)  in  three  aeconda.  the  inner  circle  to  1°  (2  km)  in  the  eame 
time.  The  low  altitude  releaaee  (70>90  km)  rapidly  loat  any  orange  tint,  and 
became  brilliant  white  (due  to  chemical  reaction  with  ambient?)  develqptfig 
a  ragged  outer  edge.  In  the  high  altitude  releaaea  (above  90  km)  the  outer 
circle  developed  into  a  fuxay  vdiite  portion  (aolida)  which  aeparated  from  the 
inner  eharper  edged  portion  (gaeee)  which  ueually  retained  the  eodium  color. 

Optical  obaervatione  of  the  early  time  growth  are  too  codtylex  to  be 
adequately  aummarized.  but  they  generally  ahow  an  aaymmetric  outer  (foMde) 


It 


winrt  at  j-IO  km  per  t«id^®®**«^®®®pjrmm*tric  limor  <§>•)  cJibud 

iMtidi  iMcomM  MiMurate  flrom  the  outer  wove  ut  0. 3  kUometeri  and  then  growa 

lOOS 

more  aloldy  to  perhapa  1  km  at  1  daeond.  An  early  time  upward  drift 

totala  about  3  km  in  SO  aeconda  and  then  atopa«  whether  or  not  the  vehicle 
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had  an  upward  velocity  con^ponent  at  releaae.  It  ia  therefore  believed 

that  the  upward  motion  ia  due  to  temperature  difference  and/or  hydrodynamic 

forcea*  alowing  aa  the  cloud  mixea  with  a  aubatantial  amount  of  anibient  gea. 

R.  f.  obaervationa  of  the  earhr  time  Doppler  growth'®*^*  afw®^*® 

eaaentially  the  aame  aa  in  the  ni^ttime  releaaea,  and  nmteh  reaaonably  the 

calculated  gaaeoua  radial  growth.  R.  f.  eroaa  aectiona  at  early  timea  elao 

are  aimilar  to  the  nighttime  releaae  cross  sections. 

Optical  obaervationa  at  longer  timea  ahow  that  the  cloud  aa  a  adiole 

moved  in  a  direction  determined  hy  the  ambieni  winda  and  wind  aheara.  Be> 

cauae  of  the  cloud  riaa  ita  material  was  diatributed  at  a  aeriea  of  altitudea, 

each  with  a  different  horiaontal  motion,  iridch  reaulted  in  twlating  and  ahear- 

ing  of  the  releaaed  gases.  Eddy  formation  was  noted  at  altitudes  below  about 
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118  km  as  a  very  significant  feature  of  the  cloud  structure.  .  At  altitudes 
below  about  100  km  the  fOssy  portion  of  the  cloud  mentioned  above  was  con> 
sideraUy  brighter  than  above  these  altitudes,  undoubtedly  due  to  formation 
of  substantial  quantities  of  solid  oxides  of  the  alkali  metals.  *  the 
drift  of  the  cloud  after  the  flrat  minute,  showed  each  part  of  the  cloud, 
moved  essentially  in  a  single  horiaontal  directiwi  detemtined  by  shears  at 
different  altitudes®®^®but  slowly  rising  and  falling  by  two  or  three  IdlofSS&rs. 

Radio  frequency  ionoaonde  poaitloo  data  at  longer  tlmae  in  general 
agreed  with  the  optical  position  data.  The  optical  data  were  available 


for  S  •  20  minutoi  nAnOm  r,t.  fMwltiaii  dita  irar»  triilaiifo  for  fliHfo  foniiir 

p«rfodi,  tqp  to  on*  or  ttfo  boors.  At  such  lafor  Unss  fos  dittd  ||foirii  so 
.  .  5036 

largo  that  it  is  litHfoaslUa  to  aaslgii  a  siniSlo  position  fooso  olant 
range  givoa  ,by  ianoaoadOs.  In  placing  foor  ionosondM  in  ^  il«]4  it  tvps 
planned  to  uae  the  disagreement  In  position  triangolation  to  give  an  Ipdicao 
cation  of  the  physical  clood  siad,  since  each  ionosonde  would  measure  Ifol 
slant  range  to  the  nearest  reflection  portion  of  the  clood. 

The  r.f.  reflectivity  of  the  released  clouds  was  in  general  foimd  to 
be  high  and  to  depend  ^ry  strongly  on  altitude^ 

Other  notes  on  special  cases  include  one  release  Of  particular  in¬ 
terest,  "Betsy**.  In  this  case«  the  initiel  release  was  made  iqpprmdmalely 
five  minutes  before  visible  sunrise  at  the  release  altitude  and  approximately 


ten  minutes  before  ionising  sunrise  at  the  release  altitude.  As  expected  the 
luminosity  of  the  cloud  resembled  that  of  ni^t  releases  in  the  first  minute. 

The  cloud  then  disaiqwared  until  sunlight  reached  the  cloud  five  min¬ 
utes  after  release.  The  initial  ionisation  decay  was  foUowsd  by  a  rise 


after  ionising  radiation  reached  the  cloud  roughly  ten  minutes  following  re¬ 


lease. 
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In  the  bi^  payload  experiments  the  vehicles  failed  to  reach  the 
desired  altitude  of  100  km.  Ai  foe  75  km  to  85  km  reached  in  the  first  two 


of  these  releases  very  rapid  chemical  consumption  was  seen  to  occur  wtgi 
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the  formation  of  a  very  brilliant  idiite  cloud  tbou^  to  be  cesium  dtsld*. 

The  third  of  these  releases  at  103  km  wes  carried  out  well  after  sunrise* 
and  did  not  have  as  high  r.f.  reflectivity  as  a  dawn  shot  at  fois  altitude. 


It  iPM  th*  oalj  ralASM  earried  out  uoder  thoae  isonditioiis  clod  it  ia  ^t« 
poasiblo  that  Himi  daylight  aabiOnt  prasture  coreoaponded  to  that  of  a  lower 
altitude  at  dawn. 


5.3  Copcluatcna 


(1)  A  localiaed  area  of  hi^  electron  denaity  can  be  achieved  for 
r.f.  comnuznlcation. 

(2)  The  r.  f.  acatter  croaa  aectiona  are  not  particularly  geograph- 

^  5129,  6001 

ically  aelective 

(3)  An  outer  wave  of  email  partieulate  matter.  aeen  by  aolar 

acatter.  movea  with  the  velocity  of  the  initial  contact  aurface 

(7  km/aec)  to  diatancea  of  aevcral  kilometers outrunning 

the  gaaeoua  front  after  about  0. 2  aeconda.  It  ia  much  brighter 

and  larger  in  forward  acatter  than  in  aide  acatter. 

Alumintim  oxide  gaa  (A  lO)  acts  u  a  aignificant  reaonance 
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acatterer.  * 


(4)  The  gaeea  expand  to  ambient  preaaure  in  a  non-reveraiUe 

near-adiabatic  expanaion.  working  againat  an  effective  preaaure 
(due  to  ahock  wave  generatioo)  aubatantially  higher  than  the 
ambient  preaaure  in  reaching  their  ftnai  atate. 

(6)  The  ionoaondea^^^^and  aweep  aoundera  ahow  much  leaa  differ¬ 
ence  than  expected  between  ni^i  and  dawn  releaaea.  i.  e. 
in  the  absence  and  presence  of  solar  ionisation. 


5.4  Furtiwr  d«to  ia  raquirad  to  aiwiMr  tho  foUOiliikg: 

(1)  Gan  denaitomatry  diatln^uiah  betiaaan  aoUda  and  ffUtaoiii 
motlona  at  early  timea? 

(2)  Gan  a  clear  meaaure  ot  dllfuaton  proeeafea  dtow  die 


lavela  of  inhomogeneity  aa  auggeated  from  r.f.  phiae  pattarpit 
(8)  Gan  a  atudy  of  optical  va  ionoaonde  drift  ahow  adiich  cloud 


regiona  are  the  beat  reflectora? 

(4)  la  the  model  of  ionisation^^  ^  ‘^auggeated  by  obaervad  intanial 
cloud  motiona  aufficiently  accurate  to  define  an  electron  jfidld? 

(5)  How  cloaely  do  optical  and  r.  f.  growtha  matchf 

i6)  How  cloaely  do  r.  f.  eroaa  aectiona  meaaured  by  different 


equipment  agree? 

(7)  la  a  conaiatent  model  poaaible  for  all  obeervationa? 


5. 5  Further  enperimenta  are  required  to  determine 


(a)  What  ia  the  Ume  of  day  dependence? 

(b)  What  ia  the  latitude  and  the  aeascoal  dependence? 

(c)  What  payload  deaign  ia  moat  effective  in  maxtmiaiwg 


reflecti.on? 


6.  cMnni  TOAiL  BiLiAaw 


Tt»o  suslit  trail  iitoetroa  elooda  irtr*  ralaMsd,  Jiaat  and  Hilda, 
at  altjltudaa  of  104  and  1S9  km,  trith  idantical  payloads  of  tO  kUograma  of  a 
composition  dosigntd  to  rsleasa  caaiom  vapor  plus  inart  nases  o^r  a  30 
sacond  pariod. 

6.1  Objaettvas 

The  objactivas  of  this  group  of  raleasas  were:  (1)  to  create  a  region 
of  local  high  electron  density  for  r.  f.  communication;  (3)  to  study  solar 
scatter  from  gases  and  solids  in  the  presence  of  sunlight  and  (S)  to  deter¬ 
mine  the  rate  of  decay  of  electron  density  in  the  presence  of  ionising  sunlight. 

One  distinction  between  the  trail  releases  and  the  point  releases 
previously  described  was  that  the  trail  releases  were  to  be  released  with 
a  minimum  disturbance  of  the  ambient.  The  net  gas  velocity  with  respect 
to  the  ambient  is  negligible  if  the  rearward  velocity  of  the  gases  is  closely 
matched  to  the  forward  velocity  of  the  vehicle.  An  additional  reason  for  trail 
release  of  cesium  in  the  upper  atmosphere  is  that  the  electron  yield  from  the 

low  pressure  trail  release  might  be  higher  than  the  electron  yield  from  the 
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high  pressure  point  release,  discussed  in  a  theoretical  report. 


Anoibar  faetor  waa  tha  daalraUUtgr  of  croatlnf  a  trail  dvar  a  ranft 
of  altltudoa  ao  that  tha  altitiida  aanaitlalty  of  tha  point  ralaaaaa  nil^  bo 
mliilnilaad«  ainca  tha  gaa  would  ba  contlnuouiify  dapoaltod  ovar  a  raama  of 
altltudoa 


6^3  Blacuailop 

The  ground  axperlmentatlon*^*^^prior  to  tha  laimehaa  of  tUa  typa  of 
package  allowed  reaaonable  burning  ratea.  A  ftrat .  ralapaa  package  failed 
to  ignite  and  therefore  a  redesign  of  the  Ihitiattng  circuit  waa.mada.  Thia 
failure  waa  not  a  chcB^cal  problem^  b^  an  electrical  circuit  proldam.  Two 
further  releases  were  made;  each  gave  a  small  cloud  of  easlum-conta|Bjina 


gaa  but  did  not  give  a  long  fUamant  trgil.  The  remaining  pajloada  of  thia 
typa  were  therefore  returned  to  the  laboratory  for  evaluation  where  it  waa 
found  that  ignition  of  the  fuU-aiae  package  waa  difficult,  and  that  nosale 
plugging-  probably  reaulted  in  cutoff  before  complete  releaae  waa  achieved. 

However,  optical  observationa  and  r.  f.  obaervationa  were  made  on 
theee  two  clouda.  Becauae  of  the  email  payload  faction  releaaed  (probably 
1%)  neither  cloud  gave  good  r.f.  retuma,  but  both  were  uaeful  clouda  for 
optical  obaervationa  of  wind  abear  and  turbulence*  and  are  being  atudied  for 


thia  data. 
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6. 3  Further  atudlea  of  trail  releaaea  firat  in  the  laboratory  and  then  at 
altitude  ^re  deaired  to  anawer  the  following  queationa: 

(1)  Can  a  auitaUe  payload  ba  fabricated  having  the  hi|pi  electron 
yield  calculated  to  be  obtainable  7^^^ 


IS 


|l)  Will  ilMi  attteiialfllto  film^t  odir  advaeisjitta  in  mfteetiiriW? 
0)  Will  am  miniaatua  diaturbanaas  of  tha  aasbiant  on  ralaaaa  Mfult 
in  a  emoothar  contour,  *‘0«hanc  a  mora  cohorant  rOflactivitsr? 

7.  MOH IXPLOBIVE  BELgAlBS 

Two  high  aaploaiva  elouda  wara  ralaaaad,  Arlana  and  CarxT< 
altitudaa  of  104  and  129  kna,  with  idantical  payloada  of  18  Idlograina  of  ROK, 
a  commarcial  hi|^  axploaive. 

7.1  Qbjactliraa 

Tho  objactivas  of  thaae  ralaaaaa  arara  <1)  to  detarmina  the  r.  f . 
reflactivity  of  a  high  velocity  gaaaoua  axpanalon  without  caaium.  (2)  tba 
hunineacenca  of  the  anploaion  pxoducta,  primarily  carbon  monoaida  and 
water,  (3)  the  effect  of  an  icmiaed  va  un-lonlzed  ambient  on.  the  denaity 
gradient  eatabliahad  by  en  exploaion. 

7.2  Diacuaalon 

The  firat  of  these  releases,  Carrie,  was  made  at  dawn  when  the 
solar  horison  was  114  km.  The  ptyload  was  released  at  129  km,  in  a  region 
vdiich  was  sunlit  by  visible  light  but  had  seen  no  UV  li|^  for  12  hours. 
Because  of  osone  screening,  ionising  radiation  did  not  reach  the  region 
until  three  minutes  after  the  release.  A  typical  particle  wave  was  seen  to 
expand  at  several  kiU>meters  per  second  velocity  for  perhaps  two  seconds, 
leaving  a  residual  whitish  glow  uddch  persisted  in  tba  sky  for  a  period  of 
ten  minutes.  There  were  no  r.f.  returns,  and  so  there  was  no  evidence  in 


thil  ralease  that  any  ionisation  or  alactron  tehotfiOgtmiiy  was  ei^aalid. 

Hie  aecond  of  tiw  two  lii^  eqdoaiva  r«le3MS«  Ai*lciie«  wai 
leased  at  104  km  after  sunset  iHieh  ttw  solai>  horiiOn  had  ilifsadir  readtad 
260  km.  The  cloud  release  was  therefore  made  in  the  darii:  honaevar, 
residual  ionisation  from  the  daytime  was  stiU  present  in  the  ralsauw  iregion. 

In  this  release  a  brief  flash  was  observed  with  no  particle  wave  of  any  si^- 
fieance  and  a  very  low  level  of  residual  glow,  not  suffieient  to  record  on  the 
equitonent  used.  However  s  transient  r.  f .  signal  for  0. 6  seconds  following 
release  was  very  significant.  It  indicated  a  Doppler  growth  quite 
similar  to  that  of  the  cesium  releases,  which  have  much  higher  total  ion¬ 
isation.  R.  f.  returns  were  not  received  from  Firefly  Arlene  after  one  eee- 
ond.«'°’ 

The  interesting  distinction  between  Carrie  and  Arlene  is  that  a 
transient  r.  f.  return  was  obtained  in  the  non-suniit  release  made  utoter  con¬ 
ditions  where  there  was  ambient  ionisation  vdiile  no  return  wss  obtained 
from  the  sunlit  release  in  a  non-ionised  ambient  condition.  It  is  also  the 
case  that  a  rapidly  moving  outer  wave  was  observed  in  the  sunUt  relil^  but 
not  in  the  ionising  release.  This  is  one  of  the  reasons  for  inferring  that  the 
rapidly  moving  radial  wave  is  indeed  a  particle  wave  rather  than  an  ionising 
shock  wave.  It  also  suggests  that  the  ionization  may  well  be  a  pile-up 
effect  which  occurs  at  the  front  edge  of  a>  ntm -visible  non-ionizing  shock  wave. 


wtlieh  crcstei  a  denaity  ciradietit«  both  ct  nautral  apacias  and  of  alaalFana, 
permitting  r.f.  reHiactiona  wUdi  will  praaumablj  be  atrong  daring  delight, 
dr  under  early  nighttime  conditiLona  udien  ambient  loniiation  remaina  (Tom 
the  earlier  aunlight. 

A  viaibla  glow  laated  for  tan  mimttea  in  the  aunlit  caae,  Carrie, 
in  a  relatively  anmll  volume  which  did  not  grow  aa  much  aa  the  ceaium  gaa 
releaoea.  Thia  glow  ia  probably  eauaed  by  aolida  aince  the  mi^t  h4di  ex- 
ploaive  releaae  did  not  ahow  chemilumineacancea  remaining  auch  aa  were 
obaerved  after  the  point  electron  cloud  releaaea.  The  further  atudy  of  thia 
idtenomena  with  adequate  apectral  eenaitivity  ia  deeirable. 

It  ia  noted  that  the  two  high  exploaive  releaaea  were  aimilar  in 
effecta  to  thoae  of  the  1859  aeriea,  vdiere  a  night  releaae  ahowed  no  evidence 
of  an  outer  wave  or  of  a  reeidual  cloud  wheresM  a  dawn  releaae  ahowed  both 
the  rapidly  moving  particle  wave  and  the  reaidual  light  emitting  idienomena. 
In  further  experimenta  higher  altitude  releaaea  are  aloo  deaired  aince  there 
^>p***'*  to  be  a  aignificant  variation  in  lumineacence  with  altitude.  A  recent 
French  releaae  of  80  kilograma  of  high  exidoaive  at  duek  at  160  km  reaulted 
in  excitation  of  the  6300A  oxygen  line  at  the  outer  rim  of  a  apherical  lumin¬ 
eacence. 

An  attempt  to  define  the  mechanism  for  this  energy  deposition  and 
continued  emission  of  the  forbidden  oxygen  line  is  important.  The  6300  A 
line  was  also  present  in  three  of  the  point  electron  clouds. 

7. 3  Concluaiona  are  aa  foUowa: 

(1)  The  high  exploaive  releaae  esn  create  a  tranaient  electnm 


gradi6at  by  orttaiittK  »  dciurilty  gradtoiil  at  a  0bo^'  wiiHiput 
•<itu*lly  ImaiaShi  the  ambient. 

(S)  The  centiniMd  li|dd  emlaaion  uhdiir  dkhiB  eoMitioat  btit  ndt'ia 
the  dark  ia  probably  aolar  acatter  fMnn  paidiohlaie  mBHir  ex- 
ploaive  reaiduea. 

7, 4  :^a«ther  data  anatarala  ia  retiuired  to  coemMure  r.  f.  transient  adth  ihack 
wave  calculationa  of  inereaaed  ambient  denaity. 

7.  S  Further  experimenta  are  required 

(1)  to  study  further  the  light  emission  or  scatter  persistent  after 
release,  with  better  spectral  recorders. 

(2)  to  stuc^  altitude  effect,  particularly  at  high  altitudea  where  the 
oxygen  line  is  activated. 

8.  BUBCTEC^  BBMOVAL  FBOM  THB  »-MiaiOW 

One  electron  removal  trail,  Rena,  released  a  payload  of  14  kilo- 
grama  of  sulfur  ht/xafluoride  over  a  30  second  period  cohering  an  altitude 
from  105  to  120  kilometers. 

8. 1  Obiectivea 

The  objectives  of  this  experiment  were  (1)  to  create  a  region  of 
local  low  electron  density  in  the  B-region,  (2)  to  study  the  r.f.  ettoeta  Of 
this  electron-depleted  region  in  scatter  reflection  or  transmission,  end  (8) 
to  determine  the  rate  of  return  of  the  region  to  normal  by  photoloniBation  or 
by  diBbsion  from  outside  the  region. 


mvmi'  jbpw 
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t.2  aiaewlmi 

It  wu  iwcsfloarjr  that  th«  E-regiM  rhlsaae  be  carried  out  under 

daylight  conditions  since  the  ionosondes  were  unable  to  record  tite  presence 

of  say  significsnt  B -region  ionisation  at  ni^t.  In  such  a  dnylight  release, 

of  course,  solar  |4k>toionisation  and  photodetachmsnt  compete  with  the 

electron  removal  mechanisms.  The  payload  was  equipped  with  a  telemeter 

unit  to  indicate  vdien  the  pressure  in  the  canister  of  sulphur  hexafluoride 

dropped  fay  90%,  thereby  confirming  that  release  had  occurred. 

The  release  was  confirmed  in  this  way,  and  the  ionosonde  directly 

under  the  release  region  recorded  a  perturbation  at  the  time  of  the  release. 
5063 

It  is  not  certain  that  this  perturbation  was  due  to  the  release.  How¬ 
ever,  it  is  described  as  a  region  of  turbulence  imbedded  in  the  normal  B- 

region,  with  persistence  of  several  minutes  beginning  at  the  time  of  release 
5066 

itself.  It  reflected  up  to  frequencies  of  several  megacycles  and  appeared 
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similar  to  a  sporadic  E,  The  time  cuid  the  slant  range  suggest  that  a 
real  effect  was  observed.  At  least  one  additional  experiment  of  this  type 
must  be  carried  out  to  eliminate  the  possibility  that  a  coincidental  sporadic 
E  is  the  source  of  the  r.  f.  reflection. 

It  la  also  our  intention  to  attempt  F  region  removal,  where  the 

continued  electron  density  throughout  the  nighttime  permits  observation  in 
the  absence  of  competing  sunlight.  It  has  been  postulated  that  recombination 
in  the  F  region  is  controlled  by  the  depletion  of  oxygen  molecules,  through 
the  charge  exchange  between  oi^gen  molecules  and  ojQrgen  ions,  0^,  followed 
by  recombination  of  the  molecular  ion  0^  with  free  electrons  giving  disso^ 


3i 


dated  dayfen  atoma  in  an  axdted  atata.  Thia  cduld  be  c<X9iflriMMl  %  MllMMe 

Mijift 

df  molecular  o^gen  into  the  F  region  at  nif^t  where  the  reitioeal  ftre- 

ceax  normally  limited  by  lack  of  molecular  oxygen,  can  be  accelerated.  If 

the  gradienta  are  reaaonably  eharp«  r.f.  reflactiona  may  ba  expected  item 

the  electron  depleted  region.  Furthermore,  emiaaion  from  the  exdted 

oxygen  atopna  following  recombination  may  be  obaerved  optically. 

It  ia  noted  in  thia  type  of  experiment  that  the  ipiaiitity  of  remaaal 

agent  required  for  electron  removal  from  very  large  regiona  of  apace  can 

6.  3 

be  carried  on  a  relatively  email  vehicle.  For  example,  a  10  /cm 

electron  denaity  which  ia  the  maximum  formed  in  the  F  region,  repreaenta 
21 

10  electrona  per  cubic  kilometer.  A  three  kilogram  payload  of  moleculgu* 
oxygen  ahould  aufllce  to  remove  all  of  the  electrona  from  about  50. 000  eubio 
kilometera  if  properly  diatributed  through  that  large  region.  In  fact  the 
problem  of  electron  removal  ia  more  a  problem  of  diitribution  of  the  removal 
agent  than  one  of  carrying  an  adequate  payload  to  the  deaired  altitude. 

g.  3  ConcluBiona 

(1)  E -region  electron  removal  was  probably  acconq>liahed  by  8F^ 
release. 

(2)  The  r.f.  effects  of  the  electron-depleted  region  were  similar 
to  those  seen  from  an  electron-nch  sporadic  B-region,  pro¬ 
bably  because  of  scatter  from  electron  density  gradienta. 

(3)  The  region  returned  to  normal  in  about  500  Seconds  following 


the  release. 


One  cloud,  Linda,  of  cobalt  powder  of  about  one  micron  particle  else  was 

released  at  night  at  an  altitude  of  135  km.  The  net  payload  of  22  Idlograma 

8  2 

was  sufficient  to  provide  10  cm  surface. 


9. 1  Objectives 


The  objectives  of  this  experiment  were:  (1)  to  observe  r.f.  re¬ 
flectivity  df  dispersed  finely  divided  metal  particles,  and  <3)  to  studly  pos¬ 
sible  chemiluminescence  at  the  surface  of  metal  due  to  the  presence  of 
nitrogen  end  oxygen  active  species. 
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lAboMtor^  •tndiss  on  tht  officitncir  ot  cotaU  powdor  M  a  aalMl^ 
for  N  atom  -  O  atom  roactlons  suggaotad  that  ona  colUiion  in  19^  ba 
affaetiva,  and  thia  would  mtl  raault  in  an  obaarvabla  amiaaion.  If  Iba 
laboratory  data  wara  not  appltcabla,  i.  a. ,  U  arary  eolUalon  waa  altas^iNf, 
and  if  all  nitrogan  praaant  In  tha  altituda  ragion  waa  In  tba  atomic  form* 
tba  ralaaaa  would  be  obaervad.  No  optical  affacta  wara  obaarrad. 

The  r.f.  return  expected  from  a  metal  powder  due  to  Rigrlaiifh 
scattering  decreases  as  the  fourth  power  of  the  ratio  of  tha  wavelength  used 
to  the  particle  diameter,  so  a  very  low  r.  f.  cross  section  for  1  -1000  me 
radars  would  be  expected  from  the  micron-sised  metal  in  the  naissile  Sx* 
haust.  A  weak  return  at  3  me  on  the  ionosonda  was  noted  from  the  release 
time,  signalled  by  a  telemeter  sensing  canister  pressure,  for  a  six  minute 
period,  at  the  correct  slant  range.  However  the  higher  frequencies  of  a 
battery  of  equipment  ranging  up  to  several  thousand  me  failed  to  detect  the 
release:  their  sensitivity  was  to  ten  square  meters  of  effective  scatter  sur¬ 
face. 

9, 3  Conclusions 

8  8 

(1)  The  presence  of  an  active  catalyst  surface  of  10  cm  failed  to 
produce  aqy  luminescence  in  the  130  km  region.  Velocity  effeetg 
were  not  evaluated. 

8  3 

(2)  The  metal  surface  of  10  cm  present  as  one  micron  particles 


had  a  negligible  scatter  cross  section  for  sensitive  radars  to 
several  thousand  megacycles. 


(3)  The  weak  3  me  rettixn  for  six  minutes  is  unexjfdained.  A  fur¬ 
ther  experiment  suggested  is  release  of  inetal  powder  at,  lower 
altitudes  where  confinement  by  ambient  pressures  might. 
giye:.an...effective  denser  scatter  surface. 

10  KBB06BNB 

One  cloud,  Ida,  of  10  kg  of.synthetic  kerosene  was  released  under 
dusk  conditions  at  an  altitude  of  130  km. 

10. 1  Objectives 

The  objectives  of  this  experiment  were«(l)  to  determine  if  any 
fluorescence  or  chemiluminescence  would  be  observed  from  release  of 

hydrocarbons  under  sunlit  conditions  at  high  altitudes,  and 
(2)  to  determine  what  persistence  would  occur  by  solar  scatter  from  a 
vaporizing  liquid 

iPr.^  Discussion 

Laboratory  studies  suggested  a  synthetic  mixture  containing 
equal  quantities  of  single  paraffin,  cycloparaffin,  and  aromatic  com¬ 
pounds.  Toluene,  cyclohexane,  and  n -hexane  were  selected.  The 
synthetic  "kerosene"  was  heated  to  200°F  and  pressurized  with  nitrogen 
to  1200  ps^  then  at  altitude,  was  vented  through  an  orifice  over  a  thirty 
second  period. 

Visual  observaiton  following  ejection  showed  a  large  spiraa  with  a 
10  km  radius  caused  by  Jetting  of  the  fuel  into  the  low  pressure  ambient, 
while  the  vehicle  spun  at  about  1  rps,  over  the  thirty  second  release  period. 
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of  0  glvon  poiitlon  of  roloMOd  ttaioiiil  iiK^oijiH  5  -  It 
•ioowlsi  ani  fdUow^  tho  ojoetioiif  tiw  vlitlii  itmieturo  dl*«]ipiii«4 
in  10  Mcondo. 

Optical  ob—riritloM^^^ohowod  tha  aamia  apif*il«  bat  ltttcBal%  iKaa 
too  low  to  obtain  any  apaetral  raaoluttoa.  No  aignlllcaiit  roikbial  alaiilMcil 
from  the  vaporiaod  gaa  waa  avldant  on  aagr  recorda  afitr  ton  aooonda 
ing  tha  emptoing  of  the  payload. 

Nq  r.f.  raflactlooo  were  obaarved. 

10. 3  Conclualona 

(1)  No  peraiatent  chemilumineacence  or  fluoreacanca  waa  obtained 
by  raleaaa  of  hydrocarbon  fuel  componanta  at  altituda. 

(2)  Vaporization  or  diaperaion  of  the  liquid  dropleta  waa  ao  rafiid 
that  raaidual  aolar  acatter  did  not  exceed  10  aeconda. 

10.4  Suggeated  further  data  analyata 

(1)  Computation  of  effective  optical  acatter  aurfaca. 

lU  SOLAR  SCATTER  FBOM  SMALL-PARTICLli  gOtllNI 

Four  clouda  of  micron  aize  inert  aolida,  Francea,  Lily,  Mavia, 
and  Hedy,  were  releaaed  at  altitudea  from  69  -  150  km.  with  payloada  of 
3  -  18  kg.  under  aunlit  conditiona. 

11. 1  Objectlvea 


The  objectivea  of  thia  group  of  experimenta  ware 


(1)  to  determine  the  opUcei.acatter'croee  aeetton  of  micron 
particlea  at  wavelengtha  IcMiger  end  ahOirter  than  the  particle 
aiae,  viewed  from  varioua  acatter  anglea  between  the  aun,  the 
aoUda  cloud,  and  the  obaeiver. 

(2)  to  determine  the  rate  of  diaaipation  of  a  masa  of  small  particlea 
releaaed  into  a  low-preaaure  ambient. 

(3)  to  determine  experimentally  the  drag  on  very  small  particlea 
by  a  gaa;  first  the  expanding  release  gas.  then  the  ambient  gas, 
and  to  relate  this  to  expected  theoretical  drag. 


11.2  Diacuaaion 

4073 

The  payloads , consisted  of  particles  of  measured  size  distribu¬ 

tion  loosely  packed  in  a  cylinder  pressurized  with  nitrogen  to  about  6  atmos^ 

phere;  release  Mavis  contained  3  kg  of  0.03  micron  aliuninum  oxide,  with  a 

8  2 

calculated  cross  section  of  3  x  10  cm  ;  release  Frances  contsdned  8  kg  of 

7  2 

0. 3S  micron  aluminum  oxide  with  a  cross  section  of  7  x  10  cm  :  release 

Lily  contained  8  kg  of  0. 2-2  micron  aluminum  oxide  with  a  cross  section 
7  2 

of  3  X  10  cm  ■,  and  release  Hedy  contained  18  kg  of  0. 5  -  5  micron  specially 

7  2 

prepared  fluorescent  cadnoium  sulfide  with  a  .cross  section  of  3  x  10  cm  . 
The  gas  was  calculated  to  expand  to  100  meters  diameter  on  release  at 
altitude.  The  gas  and  solids  were  released  by  >  cutting  charge  placed 


II 


around  the  cyUnder  near  one  end.  The  telil  j^aeiuw-vdlnlne  fnerif  df  tihe 
gas«  if  tranaferred  to  the  aoUd  as  tranSlationali  energy  on  release,  iMMld 
impart  a  velocity  of  about  50  m/see  to  the  ntaas  of  the  solids> 

Optical  observation  showed  a  surprising  rapid  growth  of  the  re- 
leaaed  aolids  into  an  umbrella-ahaped  cloud.  The  maximum  radial  growth 
of  0. 8  km  in  0. 25  sec,  ^^^*or  3  km/aec,  is  about  fifty  times  the  rate  (fO  m/ 
eec)  expected  from  uniform  energy  transfer  from  gas  to  solid.  This  can 
only  be  the  caae  if  a  relatively  amall  amount  of  material  is  given  a  very  high 
velocity,  and  a  large  bulk  of  the  material  a  much  lower  average  velocity. 

The  observed  parabolic  shape  did  not  point  along  the  vehicle  trajectory,  and 
thia  ia  believed  due  to  die  aspect  angle  of  the  caniater  on  release.  At  the 
instant  the  cutting  charge  opens  the  canister,  a  jet  of  gas  pushes  out  radially 
through  the  cut,  carrying  solids  with  it,  before  the  two  parts  of  the  canister 
can  separate.  As  the  parts  of  the  canister  separate,  the  gas  stream  is  de^ 
fleeted,  causing  the  umbrella  (parabolic)  shape. 

The  release  Mavis  occurred  at  68  km,  because  of  poor  vehicle 
performance.  At  the  time  of  release  the  solar  horison  was  at  100  km,  or 

thirty  km  above  the  release  point.  The  released  solids,  3  kg  of  inert  0. 03 

j 

micron  aluminum  oxide,  were  observed  by  light  scatter  for  approximately 
one  minute  after  release.  This  experiment  conclusively  proves  that  sufficient 
sunlight  is  scattered  below  the  solar  horizon  to  permit  rescatter  from  inert 
solids  30  km  below  the  solar  horison. 

It  may  also  be  observed  here  that  in  all  the  Firefly  vertical  probe 
experiments,  a  second  stage  solid  propellant  engine  was  burned  at  an 


of  t2*i0  km  leaving  |ierhi^  20  kg  of  aoUd  prodacts  of  uaknpvm  particle 
■ise  along  the  trajectot7  at  that  altitude.  Thoaa  ralaaaea  made  "predawn** 
with  a  eolar  horisoh  Of  60  -  ISO  km,  consiatentty  left  a  trail  viaible  for 
aiveral  minutea  after  releaae.  No  nighttime  launch  left  auch  a  trail. 

Thia  confirma  and  extenda  the  Mavia  obaervation,  that  the  aolar 
acatter  below  the  abler  horison  ia  aufficient  to  obaerve  inert  aolida  130  km 
below  the  aolar  horison.  Thia  will  not  be  independent  of  aolar  horison, 
however,  since  the  rapidly  diminiahing  denaity  above  ISO  km  will  not  aup- 
port  reacatter.  lliua  a  300  km  aolar  horison  Will  not  permit  reacatter  from 
a  160  km  altitude  region. 

Since  the  actual  variation  in  optical  cross  section  with  wavelengths 

3001  3027 

from  0.  3  -  3  microns  is  still  being  evaluated;  '  it  cannot  be  stated 
whether  different  particle  sixes  give  aufficient  differences  for  identification 
of  particles  of  unknown  sise  ejected  from  missiles. 

The  light  emif  sion  from  the  cloud  lasted  for  1-2  ndnutes^^^^and 
then  rapidly  disappeared  as  the  optical  scatter  density  decreased  further. 

Motion  of  the  entire  cloud  along  a  ballistic  trajectory  was  observed. 

2009 

The  cloud  Hedy  released  at  108  km  showed  no  significant  variation 

over  90  seconds  from  a  vacuum  trajectory  within  a  0. 2  km  position  accuracy 

2021 

aa  it  proceeded  through  apogee  at  ISO  km  and  then  fell. 

IU3  Conclualona 

(1)  Ejection  of  micron-sised  particles  can  occur  at  veiy  high 

velocities  even  with  relatively  low  temperature,  low  pressure 
gas  as  the  driving  force. 
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(3)  lliciiNm-siBcd  {wrtictot  rnn  dptlcill^  vliiltfto  % 

at  a  dsnaity  of  10  kf  par  100  eu  kn.  and  poaailfljr  bkltfar  tiitfl 
value. 

(S)  Inert  aolida  can  be  obaerved  wall  below  ^  aolar  lioirblon«  (at 
an  altitude  o(  10  -  20  km  adien  the  aolar  hosison  ia  at  ISO  km) 
by  acatter  of  aunlight  flrat  by  the  atmoaphare  to  raglona  below 
the  aolar  hor&son,  then  by  reacatter  fkom  the  inert  aolida  to 
the  obaerver. 

(4)  Drag  coefficienta  for  micron  aiae  particlaa  at  108  km  altitude 
are  aufficiently  low  that  motion  aloi«  a  balliatle  trajectory  ia 
not  impeded. 

11.4  Further  data  analyaia  ia  required  to  provide: 

(1)  An  accurate  integration  of  acattered  light  intenaily  at  varioua 
wavelengtha  and  at  varioua  acattering  anglea  for  varioua 
particle  aixea. 

(2)  An  accurate  application  of  the  drag  equationa  for  acceleration 
of  particlea  firat  ejected  in  a  gaa  atream  and  then  alowed  by  the 
ambient,  aa  a  function  of  particle  diameter. 

11^5  Further  experimental  atudiea  ahould  include: 

(1)  Ejection  at  a  aingle  defined  velocity  of  a  narrow  particle  aiae 
range  of  micron  particlea  to  give  accurate  nwaaure  of  ambient 
denaity  below  110  km. 


oKnni  mmmaomaatt  (o^io  moqi^) 


loMud  9*  BSinurilk 

UngliiNHag  Sxyerlant  Btetica 
OSorsls  Xhatltote  of  Btchaology 
Atlanta^  Oaozgla 

IQDIlMdR 

Die  Ijjneao  35  aorla  eaatza  ma  useA  to  racozd  elcuA  groiith  during  tbe  flrat  10  ssefinda 
after  burst.  At  least  one  of  these  eaasras  was  located  at  each  of  the  four  optics  ttltes*^^^ 
fbe  caa»ras  were  eqtiliped  with  50  an  focal  length  lenses  at  speeds  of'  f/l.l  and  f/f  and  were 
operated  at  4  fruses  per  seccsid.  Bogral  X>lan  Beeordlng  fila  was  used  for  aost  firings* 

BOISSIMEmL  BBSUIdS 

Usable  data  were  recctded  for  twenty  of  the  rockets  fired  during  tbe  I960  series.  In 
aost  cases  slnultaneous  photographs  were  obtained  frca  two  or  acre  stations.  Due  to  hl^  alqr 
background  and  fhlnt  clouds^  data  were  not  obtained  for  Zelda>  Anne^  gonia>  Arlene^  Ssna^ 

Linda,  and  Mivls. 

DIBCUSaiOl^®^ 

In  carrying  out  the  analyses,  each  cloud  has  been  aasuasd  to  ccaslst  of  a  bright  danse 
center,  called  the  aain  cloud,  and  a  larger  aore  or  leas  concentric  section  of  less  Intense 
radiation  which  Is  called  the  ^particle  wave."  Ibe  lain  cloud  continued  to  grow  In  slse  and 
was  photographed  by  tbe  K-24  still  canerss^^^  for  periods  up  to  20-30  alnutes  or  until  shy 
background  becane  too  great  for  photographic  recording. 

fbe  particle  wave,  however,  Wbs  aucb  less  Intense  than  tbe  aaln  cloud  and  was  seldca 
recorded  for  nore  than  a  few  frsises  or  seconds  on  the  aovie  eaasras.  Oie  slower  optics  on  the 
K-24  systen  (f/2.5  versus  f/l.l)  did  not  record  the  particle  wave. 

Por  both  the  aaln  cloud  and  particle  wave,  the  clouds  were  often  elliptical  and,  hence, 
asasureaenta  were  aade  for  so-called  aajor  and  alnor  axes. 

Of  the  five  night  shots  designed  to  create  electron  clouds  (Oathy,  Betsy,  Aay,  Bath, 
and  Oerta),  data  were  obtained  on  all  five  and  cloud  growth  as  a  fbnctlon  of  tlaa  has  baen 

(1)  See  article  In  this  report  entitled  ^Position,  Drift  end  Growth  fkoa  fbotogr^phy,”  by 
H.  9.  Idwaxds. 

(2)  At  the  tla*  of  this  report,  fUa  for  Fireflies  Frances,  Oarry,  Oathy,  Peggy,  and  Bosaa  am 
being  studied  In  Dr.  Bosenberg's  laboratory.  Plots  and  photographs  axe  not  available  for 
Prsnees,  Oany  and  Oathy.  Pbotogrvqphs  am  not  available  for  SUsan  and  Peggy. 


tiM 


liMMmd  for  oU  VaA  Vor  itiV  O^m,  onlj  ^  iklii  eldW  nu  dteMetM.  Bor  Botagr 

mxA  Bath/  %oth  tho  porticXe  wn  waA  liw  min  donl  aro  ^amt.  Bw  jptiotOKza^  «b&  dlaaitor 
yorant  tlw  Blnta  art  abown  In  niara  1  for  ikith  i^obvla  typical  of  tiia  nl^t  ahota* 

Of  tba  nlao  dam  elaetran  elouda^  data  ware  obtalnMl  on  all  abbta  axeoitt  Saida#  vhidh 
rna  flrad  during  Bw  daytlaa.  Onljr  tba  antin  cloud  vas  obaarrad  on  Murla#  BanOT#  Soaan  and 
Janet  vtaaraaa  both  tba  anln  eloiid  and  particle  wave  «al;!«  obaarvad  on  Lola#  011va#  Jaannla# 

OoUj  and  Hilda.  Ataoapberlc  baae  or  flljB  balaticn  nay  be  reaponalble  for  aom  of  tba  large 
laaga  aizaa  noted  during  ttw  flrat  few  fraaea.  Halation  la  probably  reaponalble  for  tba  large 
laage  alaa  noted  for  Lola  during  tba  flrat  l/k  aaccod  after  burat.  A  baae  effect  or  U^t 
ring;  In  addition  to  particle  wavea;  vaa  noted  on  Olive;  JeannlO;  and  Solly.  Figure  2  for 
Olive  la  typical  of  the  aeaeureaenta  vhlch  abov  the  two  cocdltlona— nain  cloud  and  particle 
wave. 

Peggy  did  not  have  a  particle  wave  but  the  nain  cloud  grew  nuch  faater  than  the  other 
abots.  Peggy  bad  a  dlaaeter  of  $  kn  at  burat  plua  5  aeconda  caqpared  to  lean  than  3  kn  alze 
for  the  other  clouda  at  the  aane  tliae.  The  plot  of  dlaaeter  versua  time  la  given  for  Peggy 
In  Figure  3. 

Ho  data  were  obtained  on  the  carbon  arc  ahota— feepee  Anne  and  Horm. 

For  the  high  erploalve  abota  (CSarry  and  Arlene)  data  were  obtained  only  for  Oarry  and 

(9) 

analyala  baa  not  been  coiqpleted.'  ' 

For  the.  three  aolar  acatter  abota  (Navia;  Francee  and  Lily)  data  were  obtained  for 

(2) 

Franeea  and  Lily;  and  an  analyala  baa  been  nade  for  Lily  only.'  '  The  min  cloud  la  the  only 
one  preaent  and  abowa  a  growth  rate  alnllar  to  the  average  electron  cloud.  Orowtb  veraua  tim- 
after-burat  la  abown  for  Lily  In  Figure  4. 

Growth  ratea  for  Hedy  and  Ida;  the  infrared  scatter  and  cheallunl  neacent  clouda 
reapectlvely;  are  alnllar  to  ttaoae  for  the  min  clouda  of  the  sodlua-cealun  releaaea. 

VoA  la  continuing  In  our  laboratory  on  the  "wl^"  aasoclated  with  the  wide  divergence 
of  growth  ratea  and  preaenca  or  ahaenca  of  particle  vavea. 

Dr.  John  Paulaon  of  the  Oeophyalcs  Beaearch  Directorate  haa  analyzed  the  abock-partlcle 
wave  prohlen  —  uaa  of  our  data  aa  well  aa  othera.  Ibe  xeaulta  of  bla  analyaea  are  pre> 
aanted  elaewhare  In  thla  puhlicatlon. 
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Fig.  2. 
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TIME  AFTER  BURST  -  SECONDS' 
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AMIRACT 

OtU>  woric  durlag  th«  laat  six  aontbs  Is  dssefelbsd.  To  dots,  dur 
progrsa  bss  eonslstsd  SHunly  of  d^tleal  Msssursnonts  in  ttis  fiold  for  Fpoidet ' 
Pirsfly  i960.  Ootwral  sssistcoos  Is  slso  bsing  glTsn  to  otbsp  srdaps  IB  wd 
projdet*  and  ssaw  labdnato^  wmk  has  boon  done.  This  report  ^tet  our  pM- 
gram  obJeotlTss,  the  seope  of  tiio  woric.  a  description  of  tbs  eqdipsMtnt  edtt- 
struotsd  and  ussd  during  the  past  six  aonths.  and  the  observatieos  awds  dtirsbg 
the  suBBer  series  of  obsaULesl  releases. 


i«.  mosm.QSiiKiJm 

The  obserrations  wbiob  we  have  made  in  the  field  for  Project  Firefly 
were  designed  principally  to  study  tbs  effects  listed  in  the  following  pars-’ 
graphs.  Altboucii  sons  of  the  work  yields  results  of  general  goopbysloal  inter¬ 
est.  the  emphasis  is  on  measurements  designed  to  obtain  information  for  military 
application. 

One  of  the  obJeotiTes  of  our  program  was  to  study  the  possible  sxie- 
tence  of  the  shock  ware  which  previous  tests  had  indicated  was  present  and 
might  have  bshavlor  which  was  somewhat  anomalous.  For  this  purpose,  we  set  up 
photomultiplier  equipment  which  was  provided  with  narrow  aocsptance  angle 
optics  and  pointed  slightly  off  the  burst.  This  equipment  riiould  have  deteoted 
the  presence  of  such  shock  waves,  but  the  results  were  negative.  During  the 
course  of  the  test,  a  good  portion  of  the  photomultiplier  equipawnt  was  ditertad 
to  the  somidiat  different  purposes  of  attempting  to  observe  spectral  distribu¬ 
tion  of  the  light  maittsd  from  the  cloud  sow  seconds  after  the  buret. 

Another  objective  wae  the  s  tudy  of  the  early  tisw  behavior  of  Ihe 
burst,  with  emphasis  being  placed  on  the  study  of  possible  particle  waves 
emitted  and  on  the  speotral  distribution  md  total  light  Intensity  sadtted 
during  ths  early  developewnt  of  the  cloud.  Both  photographic  and  photomulti¬ 
plier  techniques  were  employed  for  this  purpose,  end  ths  results  are  being 
correlated  with  RF  reflection  data  in  order  to  detemino  whether  there  is  a 


pciiibiltly  of  «t  tti«  irwiatloiM  in  W  p^rtoUtmo*  of  tbo  dldods 

bjr  «x«nlmtlon  of  tho  oi^f  tint  doTolopOtont.  Siadlurlr*  tbo  gmorM.  tooh- 
nlqutt  vf  boing  u««d  to  itady  oloetron  rwovol  and  to  stttdy  tho  pooolbill^  of 
■inulotlon  of  nuoloov  bloekout  oonditioao.  ftpeotvogrophle  noaourownt  soon  to 
bo  Olio  of  tho  Moot  fruitful  nooho  of  analyoie  of  tho  proeoosos  rooponoible  for 
tho  Toriouo  phononono  idiloh  oeour  on  theso  upper  otaosphoro  relooaoo. 

Polarisation  offoeta  aro  of  iaportanoof  partieulariy  with  rospoot  to 
uso  of  roloaaod  llght-aeattorlng  naterial  for  doeop  purpoioa  and  for  tho  poa« 
alblo  dotootlon  of  tho  use  of  aueh  toehniquos  by  an  onony*  Although  tho  pri- 
Biary  purposo  of  reloasad  natorlol  is  tho  ovoation  of  infrarsd  seatteringf  shioh 
la  tho  problem  of  groups  other  than  our  own^  we  felt  that  making  moaauromonts 
in  tbo  visible  region  would  add  information  as  to  tho  poaslble  dotootlon  of 
deooy  teohnlquea.  We  therefore  equipped  some  of  our  photometers  and  osmeras 
with  polarisation  attaohnents. 

Our  optloal  measurements  on  the  trail  releases  whioh  wore  planned 
wore  to  have  been  applied  to  the  dynamios  of  missile  trail  detootlon*  Tho 
instrumentation  problem  oonneoted  with  the  analysis  of  tho  speotra  emitted  by 
the  trail  releases  is  quite  similar  to  that  applloable  to  siissilo  trails  in 
general,  and  oould  aid  in  the  design  of  countermeasures  equipment,  and  early 
warning  equipment  for  tho  dotootlon  of  missiles,  and  also  in  the  dotootlon  of 
oountormeasures  being  employed  by  an  enemy* 

Wo  also  assisted  Dr.  Sam  Silverman  at  AFCRL  in  tbo  measuroment  of  pos> 
sible  oesium  flash  phenoBwna  whioh  it  was  thought  might  ooour  a  day  or  so  fol¬ 
lowing  theso  releases.  Although  no  positive  result  was  obtained,  this  work  has 
dlroot  applioatlons  to  the  problems  assooiated  with  spreading  of  materials  in 
the  upper  atsiosphero  and  to  the  ocmputatlons  which  should  bo  useful  in  prodiot- 
ing  such  offoots  as  nuclear  fall-out.  Some  of  the  work  on  the  optloal  proper¬ 
ties  of  oesium  ions  in  tho  upper  atmosphere  may  have  applioatlon  to  ion  propul¬ 
sion  onginos  for  spaoe  vehlolos. 

2.  SDMMilg  OP  PAST  AM)  PROJECTg)  WORg 


Itfi 


The  woric  vpdor  liiis  oontraot  involves  prlnoipally  an  optical 


OMWfttfiMi  Wd  Ittkoftitaltton  for  FToifot  Plroflf*  to  dltt«  P«  hlifi 

eoseOBtrotoi  Oti  MfUtflMiiiia  for  tfa*  Mriflp  1966  volouo  oovito,  aiid  havo  abodt 
tbno-fboniis  ipoivlotod'  tho  iBtorprotatica  of  tho  data  obtalAad.  Za  aus^pert  of 
tha  a«aa  pmemuag  laboratory  atody  of  tha  prttpartiOa  of  oaaliaii  Iona  taaa  ooir* 
tlmad  OB  a  ralatltaiy  low  priority  baaia.  Oar  obaartational  wcorik  in  tha  fioH^ 
taaa  ba«i  ooBoamad  Mdaly  with  ataort-tlna  phaiioaaBa  of  the  ofaaBioal  rilaaaati 
but  a  rariaty  of  ottaar  optioal  wortc  ia  alao  la  prograaa*  both  within  our  otB 
progran  aM  in  aupport  of  othar  Projaot  Flrafly  groiq>a. 

danarally  apaokiag  oar  aaaauraManta  inrolva  a  oowbiaation  of  photo* 
graphlo  and  photonultipliar  aaaauraaianta*  both  typaa  of  taetoiiqaaa  baing  uoad 
In  oonbination  with  light  filtara  ooaarlng  a  aarla^  of  wava  laagth  ragtOfli* 

Thia  la  an  approxlaation  to  a  apaetroaoopio  nathod*  in  aoaa  eaaaa  wall  aultr4 
to  tha  oonditlona  axiating  in  tha  chaaloal  ralaaaaa  and  in  othar  oaaaa  naraly 
aupplaoiaatiag  naaaurananta  baing  takan  by  othar  groupa.  Althouih  not  anough 
axparinaata  idiiob  wara  praataubly  idantieal  inaofar  aa  aztamal  anvironaant 
(altituda*  dagraa  of  illuaination  by  tha  aua«  ato. )  hava  boon  run  to  naka  a  aig- 
nlfioant  oowpariaony  wa  baliaaa  that  tha  raproduoibility  of  tha  raaulta  obtainad 
will  dapand  largaly  <900  tha  raproduoibility  of  tha  initial  relaaaa  oonditiona. 
Zt  it  potaibla  to  atudf  tha  raprodaeibili^  of  tha  firat  faw  aieroaaoondaf  at 
laaatf  of  tha  initial  ralaaaa  oonditiona  fairly  indapandantly  of  tha  altituda 
of  ralaaaa  and  othar  faetora*  ainoa  the  intaraction  with  tha  nabiant  doaa  not 
ooour  until  latar  tinaa.  Ranarkably  anongh*  ena  of  tha  aoat  diaturbing  raaulta 
idiiob  wa  bava  obtainad*  and  which  our  afforta  aro  new  baing  apant  in  trying  to 
intarprat*  baa  baan  a  puaaling  lack  of  oonaiatanoy  in  tha  initial  babawior  of 
auppoaadly  vary  ainllar  paokagaa.  Va  baliara  that  tha  firat  faw  aloroaaoonda 
or  aUliaaooada*  wbioh  aetually>ia  tha  period  in  wbioh  tha  initial  boundary  oon* 
ditiona  ara  aat,  nay  hara  a  great  deal  to  do  with  tha  aubaaquant  parfoBBoasa 
of  a  particular  paokaga»  Ctar  high  apaad  photoeiultipllara  (for  tha  aioroaaoond 
and  early  ailliaaoond  range)  plua  our  fast  oanaraa  (for  tiaaa  of  a  few  ailll- 
aaoonda  and  longer)  giwa  the  poaaibility  of  noking  a  fairly  oenplata  attk^  of 
tbia  tiaa  ranga*  Unfortunately*  tha  data  obtainad  ao  far  by  thaaa  taotaniquaa 
ia  only  partially  quantitatiaa  (alOiougb  aona  rary  intaraating  qualitative  in- 
fomatlon  haa  baan  aaevred)  and  haa  not  yat  given  vary  mtoh  in  tha  way  of 


ilaMiltd  i|tfOT»fttion*  In  tb*  tSa*  Mng*  batntwa  th*  aloi^beonA  .nnA 

■Illisiioond  vang*  and  ttia  flrat  fan  saapnds^  our  alowar  aoUon  pletarn  Oimaraa 
oaM7  photograpblo  edvaraoa  up  to  tha  boglnaliHs  of  tha  Oaorgla  Taoh  eovar«^« 
Fur  atm  longar  tlawa  (aa  wall  aa  for  abort  tiaaa)«  photoaultlpliara  a(|alppad 
wi^  various  filtara  on  follow  tha  bunt  and  tha  davaloping  cloud  and  glva 
data  which  la  auparior  to  that  obtained  bp  fllM,  or  with  iiMga  ortbloeaat  on 
tha  actual  total  latanflltiaa  being  aaittad.  The  si^iel  to  noise  ratio  in  daal- 
Ing  with  the  low  Intensitj*  diffused  buMt  in  a  substantial  background  of  li^t 
is  tha  principal  pirablaa  in  using  such  aqalpnmt,  espaeiallp  since  the  noVMMnt 
of  the  cloud  and  tha  devalopaMnt  of  dapli^it  aakes  the  dataradlaation  of  the 
noise  or  background  level  aora  difficult.  Another  serious  problan  in  taking 
quaititatlve  data  is  the  fact  that  shots  aust  fraquentlp  be  nada  with  partial 
cloud  oover«  and  refleotlon  from  tile  clouds  can  aasllp  confuse  the  readings 
whiUh  are  obtained. 

We  have  also  assisted  various  other  groups  in  their  P’r$>Jeot  Plraflp 
operations.  Asuxig  these  are  Or.  Sam  Silverman’s  search  for  cesium  flashes 
(corresponding  to  the  twilight  sodium  flashes  regularly  observed)  from  three 
locations^  the  tboivepslty  of  Maryland's  use  of  a  Fabry-Perot  interferometer  in 
an  attempt  to  measure  the  temperature  of  the  release  from  the  shape  of  certain 
spectral  lines  by  providing  pre-fogged  film.  Geophysics  Corporation  of  America's 
Interest  in  ttie  observation  of  certain  cesium  reoonblnation  lines,  and  the  pro¬ 
vision  to  Bendiz  of  certain  photoMters  for  possible  missile  trail  observations. 

Our  activities  other  than  observations  in  the  field  and  interpreta¬ 
tion  of  data  have  included  the  construction  of  a  precision  high  voltage  power 
supply  for  the  laboratory  work  at  Air  Feroe  Cambridge  Research  Laboratories, 
idiloh  is  now  in  final  test. 

3.  OTIPIWTJWP  TMCBWflPga  FOR  PULP  OBBERYATIO» 

The  eqguipmaBt  enployed  daring  these  tests  has  been  described  in  soaw 
detail  in  our  last  semiannual  report  (30  June  I960).  Tts  re  were  a  few  modlfl- 
eatiuns  and  changes,  which  will  be  mentioned  here,  and  in  addition,  it  is  prob¬ 
ably  worth  presenting  a  brief  sumaary  of  the  equipment  aotually  used,  even 


thoutft  tSiia  will  if  •  rapatitlon  of  tho  pv«vlovui  foport* 

TM  oqulpMnt  ms  installsd  In  s  houss  fersllsr  eontalaM  lbs 

•leotronlo  sttd  dtbep  d<wloss  iiMoh  wo  snploysd.  Vtais  trailsr  Inoludsd  s 
photogrspblo  da>4cman«  s  wortcspsos*  and  a  eollaotlon  of  spam  parfes  and  nilntan* 
anoa  fadllltlaa.  Also*  tha  langast  single  place  of  apparatus  Hhlqh  wa  uaad  was 
■ountad  In  tha  trailer.  This  was  a  nultlpla  unit  eatboda  ray  tuba  display  usad 
In  conjunction  with  the  photosasltlplls?  dataotors*  dlagrSiaaad  In  tha  figure 
shown  in  the  prariov»  report  and  reproduced  hare.  Briefly*  It  Included  2k 
cathode  ray  tubas*  arranged  to  giro  as  wide  as  possible  coverage  of tha  Initial 
phases  of  the  release*  Bach  of  the  2k  tubes  was  supplied-  with  a  separate 
as^llfier*  and  20  photcnultlpliers  were  provided  with  associated  lens  systens 
snd  various  optical  filters.  Six  different  filter  sweep  choices  were  possible* 
any  sweep  being  available  for  use  on  any  of  the  cathode  ray  tubes.  Any  one  of 
the  sweeps  could  be  triggered  from  any  of  the  several  available  triggering 
sources  idilch  could  be  fed  froa  the  photomultipliers  thestfelves  or  froa  any 
auxiliary  trigger  that  alght  be  supplied.  Caaera  equipment  for  i^otographlc 
single  traces  on  these  cathode  ray  tubes  and  for  continuous  pbotographlo  re¬ 
cording  of  the  cathode  ray  tube  which  Is  allowed  to  '*run  free*  was  provided* 

This  equipment  was  finished  during  the  test  and  was  available  only  for  the 
later  releases*  so  that  unfortunately  Its  full  potential  was  not  realised  during 
this  series.  We  still  believe  that  Its  use  will  provide  the  very  best  avail¬ 
able  quantitative  Infonaation  on  the  early  developatmt  of  the  burst. 

The  use  of  the  equipment  was  somewhat  different  from  that  originally 
contemplated  In  that  the  absence  of  evidence  for  distinct  shock  waves  on  early 
shots  paused  us  to  plan  more  experiments  for  obtaining  Infonaation  on  the  spee- 
trum  of  the  developing  clouds  and  less  experiments  for  ttae  Initial  shook  wave 
evaluation.  In  view  of  this  change  In  epphasls*  we  set  up  four  recorders  of 
the  pen  type  (Varlan  Model  0-2)  for  recording  the  DC  outputs  of  some  of  our 
photomultipliers*  equipped  with  various  filters.  A  sli^le  commutating  arrange- 
mnt  was  Incorporated  towards  the  end  of  tbs  series  to  Increase  to  eight  the 
number  of  photoaniltlpliars  recorded  on  this  type  of  Instrusent. 

The  mounts  for  aiming  the  photomultipliers  and  associated  equlpMnt 
ware  of  two  .types.  The  first  was  a  modified  Wavy  gun  director  mount  slsdlar  to 
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tb*  ottts  usad  duidiig  th*  taitc  last  jraav*  TIim*  iMvaiir  wiM  infeailiid  iftnal- 
palljr  for  ttoo  ifltii  tmekliig  flarao*  rhlehi  iiror*  at^hod  to  bom  of  tho  K»otta|w« 
Vafovtiaiiatal7«  tho  faildio  of  tba  flMoa  in  a  larsa  aualMr  of  oaaoa  priVoiitOd 
tiioBo  Muati  fr<ai  botng  irory  uaofol.  Traokine  Munta,  of  oottVBa«  anablo  ttio  Oao 
of  our  optioal  OqoliiMnt  with  rdatlvoly  narrow  aoeoptanoo  ai^{lAB«  -irtiloli  la* 
eroaaoB  tha  probabllltjr  of  roealrioe  Buffiolontly  largo  olpulo  (wlt^  roapoot 
to  anblant  light  aoiao  baokgrouad)  and  ihioh  penal  ta  awra  aeeurato  apaotral 
diatrlbutlon  Informtlon  duo  to  tbla  Inprorod  alffaal  to  aoiao  ratio*  Two  of 
tboao  Boonta  woro  oiq>lo70d«  one  earrjrlng  photomultlpltera  and  the  other  oarr^J^ 
eoMrafl  and  photoeniltipllora.  The  other  of  aount  uaod  waa  a  fixed  awunt 
(wbloh’waa  aot  pointing  to  tha  eipeoted  bumt  loeatioa  before  tho  firing)  and 
whioh  earrled  optioal  eqiiipmant  of  relatively  wide  aoooptanoe  angle*  fhoao 
fixed  mounts  oould  be  rotated  slowly,  nd  wore  ohangod  in  poaitlon  to  follow 
the  developing  oloud  In  a  xaudber  of  tests.  A  primary  difficulty  In  ooanoetioa 
with  the  use  of  both  the  traoklag  and  the  fixed  araunta  was  the  laok  of  recording 
equlpMnt  for  following  the  position  of  tha  mount,  which  made  It  dlffletslt  to 
detemlne  ubether  certain  signals  obtained  wore  actually  due  to  changes  of  alg* 
nal  level  or  simply  changes  In  background  due  to  the  aovoMnt  of  the  Munt 
which  caused  the  photoaiultlpllors  to  bo  seeing  a  dlfforont  portion  of  the  aky* 

The  optical  equipment  mounted  on  the  semi -fixed  mounts  Included  photcmultlpllera , 
streak  cameras,  and  other  relatively  low  speed  cameraa*  One  of  the  seml-flxed 
mounts  also  carried  a  snooperscope,  for  examination  of  the  cloud  visually  by 
Infrared,  and  was  useful  In  tracking  some  of  the  douda  after  they  bad  beooM 
Invisible  to  the  eye* 

Ve  used  a  number  of  gelatin  filters  covering  various  regions  of  the 
spectrum,  and  also  had  available  approximately  a  dosen  Interference  filters  for 
very  nairow  wave  length  bands.  All  of  our  lens  mounts  are  equipped  with  pro¬ 
visions  for  standard  filter  holders,  and  the  various  filters  oould  be  Inter- 
chmiged  between  units  of  different  acceptance  angles  and  units  having  various 
types  of  detectors*  While  we  did  not.  have  any  such  equlpsent  available  during 
this  series.  It  would  be  very  usethl  to  have  an  Iris  diaphragm  type  of  step 
located  at  the  focal  point  of  the  lens  systeauis  to  allow  us  to  vary  tb»  aooept- 
ance  angle  during  the  developMnt  of  the  oloud* 


IMtsci  aouBkad  dircetly  oa  th*  (ihotaaatliaiav  limMilaKd  iild«l» 
«•  «a«d.  Thai*  houaiaga  av*  of  tao  gaioval  ^rpaa*  ooo  auitad  to  oitd-on  ^rp* 
pbotoaultlpliova «  «nd  tbo  otbor  ottltad  to  tbo  931  tgrpo  of  unit.  Both  ara  piPO- 
Tldod  with  ooao  ppaaqtldfloation  and  oatboda  followar  output  to  aaka  poa- 
albla  tba  location  of  tha  photoaultipliaxa  at  a  eonaldarabla  diatanoo  froa  tha 
dlaplay  unit* 

Pbotographa  of  tba  aouate  ara  Indudad  aa  fleoraa  as  part  of  tbla  ra- 

port. 

kttf  of  tha  photoaultipllara  aay  ba  oonnaetad  to  anp  of  tha  aaplifiora* 
OP  a  eoabinatloa  of  tbaa.  It  is  possible  to  ojtaains  tha  dlffaranea  in  oo^ut 
of  two  photoaultlpllars*  one  of  wblob  osn  ba  dlraotad  toward  tha  background* 
and  the  other  which  can  ba  directed  toward  the  cloud*  Tha  trigger  units  and 
sweep  circuits  provide  sweep  lengths  frcei  one  alcrosaeond  to  1''  seconds  in  total 
length*  and  can  ba  arranged  for  either  self-triggering  or  for  single  sweep  oper¬ 
ation. 

We  also  constructed  a  rotating  polariaation  detection  device*  con¬ 
sisting  of  a  three- inch  clear  Polaroid  disc  which  is  rotated  at  a  speed  of 
thirty  revolutions  per  second*  and  is  placed  in  front  of  the  lens  and  detector 
ooablnation*  Unfortunately*  due  to  60-cyole  pick-up*  wblob  we  were  not  able  to 
reaedy  in  sufficient  tine*  this  unit  did  not  prove  to  be  particularly  useful. 

We  therefore  had  to  depend  on  hand  operated  polarlsars  during  this  series  of 
tests. 

Our  photographic  coverage  was  provided  partly  by  our  own  group  and 
partly  by  the  photo-optics  group  at  Eglln  Air  Force  Base.  Also*  Pastas  oaaera 
equlpaent  was  operated  by  the  Vitro  Corporation.  We  have  undertaken  to  inter¬ 
pret  all  the  fllas  obtained*  and  the  general  photographic  coverage  of  the  early 
time  after  burst  is  described  below. 

We  employed  the  same  general  type  of  streak  photograph  measurement 
idiloh  proved  valuable  in  the  1959  Firefly  teats*  and  had  at  least  two  of  the 
modified  Dumont  streak  cameras  on  all  of  the  tests  and  were  able  to  obtain  four 
such  oameraa  for  about  half  of  tba  tests.  While  we  originally  intended  to  have 
only  one  of  the  streak  cameras  equipped  pith  Vitro  time  signals*  we  were  able 
to  have  all  of  tbma  so  equipped  before  the  series  ended* 
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fiitax  0iMnt«  oiMpatlns  at  500  fMHii  par  ••oood  ( *001  iteoM 
or*)  liwM  vita  on  aioct  of  iiho  toat*.  Thraa  of  thaaa  vara  aqolppad  wiah  S^aali 
lanaaSf  glaias  an  i^ipMUasaMLir  6**  vartlaal  f|ald  of  viaw  (and  eonpaapandiliigly 
largar  borlaontal  flalda)  and  tiara  atatibnad  on  fixad  nounta  tihloh  vara  pointad 
to  tba  aapaetad  borat  anipia.  Tvo  additional  eaanraa  vitti  lansaa  VaPa 

uaad  on  a  traeking  nount*  but  tha  failura  of  flaraa  nada  tbla  tppa  of  oovaraga 
rathar  unaatiafaotory*  in  Utat  tha  rapid  rata  of  f iln  oonauaption  and  tha  low 
light  intansity  ataiiabla  oonbinad  to  oauaa  tha  oparator  to  ba  out  of  filn  and 
to  ba  daaling  with  too  waak  a  aouroa  to  photograph  at  tha-  high  spaad  anployad 
by  tha  tina  ha  oeuld  awing  onto  tha  burst. 

Va  vara  able  to  obtain  good  intarmdiata  spaad  oovaraga  with  Millikan 
16  nm  oaaarast  two  of  which  wara  plaead  on  a  fixad  nount  and  aquippad  with 
1-inoh  lansas  and  2  aora  of  ubioh  wara  on  a  tracking  nount  aquippad  with  3-inoh 
lansaa.  Tha  l>inoh  lansas  aqiloyad  wara  vary  fast  (Fl.l)  which  protad  to  ba 
▼sty  usaful  with  tha  relatively  waak  sources  provided  by  tha  bursts.  Bara*  ttia 
problan  of  using  tha  canaras  on  a  tracking  nount  was  sonaWhat  lass  than  icith 
tha  faster  canaras  in  that  the  film  lasted  longer  and  tha  axposura  was  greater 
due  to  the  slower  speed.  7be  operating  spaad  of  the  Millikan  canaras  was 
126  francs  per  second. 

Four  Mod  ZV  canaras*  two  with  3*’inoh  lansas  on  a  fixed  awunt  and  two 
with  b-inoh  lenses  on  a  tracking  nount*  were  anployad.  Thssa  canaras  operated 
at  20  frames  par  second*  and  excellent  results  ware  obtained  with  the  tracking 
nount  of  soma  shots.  Tba  semi-talaphoto  type  -lensas  and  lha  35  nm  filn  on 
these  cameras  gave  smeb  nore  detail  where  they  did  obtain  pictures  than  was  ob¬ 
tained  in  other  ways. 

In  all  of  the  above  oases  Vitro  time  was  included  on  the  film  and* 
except  for  instances  where  the  tine  record  was  lost  due  to  aquipnent  failure  or 
lack  of  proper  exposure  setting*  it  is  possible  to  know  the  absolute  tins  at 
tdiiob  any  particular  frma  was  exposed  with  an  aoouraoy  of  .01  saeond.  This 
feature  has  proved  invaluable  in  the  interpretation  of  results  in  that  many  of 
tha  filns  which  contained  good  infomation  had  to  be  axaninad  with  ears  naar 
tha  portion  of  filn  corresponding  to  burst  tine  in  order  to  dateot  the  laagas* 
since  these  are  very  snail  (on  the  order  of  a  fsw  thousandths  of  an  inah  in 
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diiriM««r)  In  mar  enici.  FuntlMM»F«,  in  mwM  only  n  f««r  ftdiiin  0t  iwfdwi^ii 
hail  boon  obtainid*  tha  ooin^donea  In-  tlaa  of  tnoao  fnaMo  thMO  tMKI  oIMp. 
eanavaa  of  tba  aano  or  dlfforant  ^rp«o  funiiOlMt  oflilpalllng  ooldonoo  liliit 
artlfaota  are  cot  being  aiatelton  for  burota.  Finally*  ttiO  infoiMtion  on  oiiMft^ 
buret  tine  ia  of  value  in  me  interpretation  of  nl^tBOtflalater  teete  being  nadO 
by  other  groupa. 

The  Bolenoid  operated.  16  wm  eaaeraa  Mentioned  briefly  in  the  pffovioua 
report  were  enployed  with  good  reaulta  on  aoet  of  the  teata.  Tha  nettiod  of 
uaing  theae  eanerae  wae  to  operate  aix  of  than  with  an  ej^oOure  of  2/3  aeeoed* 
an  additional  6  with  an  expoaure  of  i|/3  aeeond*  and  an  additional  6  with  an 
ezpoaure  of  8/3  aeoond.  The  awitehing  operationa  of  the  aolenoida  were  ao 
aynehroniaed  that  the  dead  tiaw  between  expoaurea  waa  out  of  idiaae  on  each 
auooeading  a tap  of  expoaure  tine,  ao  that  at  every  inatant  of  tlaa  at  leaat 
12  oaneraa  bad  open  ahuttara.  Thla  preeaution  waa  neeeaaary  to  prevent 
aoeldental  nlaalng  of  the  original  burat.  Baoh  of  tha'alx  oaneraa  in  a  partiou- 
lar  expoaure  tlaw  group  waa  equipped  with  different  flltera  (ohoaan  to  auit  the 
experlnant  at  hand)  and  aeveral  typea  of  filn  were  enployed  (hijh  •P*ed  infre> 
red*  royal  X  panohromatio*  linagraph  ortho*  etc.)  in  order  to  obtain  approxl- 
nate  apeotral  InfomatLon  on  the  burata. 

k.  EXPBRlMatTAI.  DATA  AMD  HBSPLTS 

In  thla  report,  we  ahall  deaoilbe  the  experlanntal  data  obtained  on 
the  awtlon  ploture  oaneraa  in  a  qualitative  way.  For  an  exaad.nation  of  the 
general  type  of  ploturea  obtained  and  olarlfieation  of  oounenta  nade  herein, 
the  reader  ia  referred  to  an  atlaa  of  photograpba  which  we  have  preparad  frcai 
the  fllma  obtained.  Thla  atlaa  oontalna  over  $00  photograpba^  only  a  few  of 
which  are  reproduced  here  alaply  due  to  the  difficulty  of  handling  thla  bulk  of 
material  and  alao  due  to  the  fact  that  many  of  the  expoaurea  are  auffielently 
weak  to  give  difficulty  in  reproduction. 

Aa  nantloned  in  our  previoua  preliminary  report  of  Ootober  10,  1^0* 
although  field  dlffioultlea  prevented  obtaining  aa  a«oh  data  aa  we  would  have 
liked,  particularly  on  the  early  teata,  we  did  obtain  approximately  6  milea  of 
movie  film,  over  100  Varlen  recorder  oharta*  end  approximately  2  doaen  ri^lla  of 


■igiMtlo  top*  on  tliicb  w*  r*ooM*d  th*  p*atat*  obt*lii*a  and  th*  ooaiMat*  ■Viil 
dufltig  thd  Mtual  fiPlngs.  At  tltot  tin*  (Ootobop  10*  I960)  appt6xiMit*lj  udO 

If 

nan  boors  bid  b*«>  tp*nt  on  th*  r*ault*«  and  It  was  asttnstad  tbst  ii*  wap* 
approadnataly  oa*-foorth  of  tb*  wap  tiroagh  with  th*  *v*luatlon  of  our  dot*  fPop 
Flrafly  I960.  At  prsaant,  or*r  1000  additional  nan  hour*  hsv*  b**n  apant  on 
thaa*  rasultSf  and  w«  now  aatlnat*  that  w*  ar*  batwaon  two-thirds  and  thr**'^ 
quartara  of  th*  way  tbrough  with  thla  Svaluatlon  proeadure.  W*  hav*  oonplatad 
tb*  axanlnatlbn  and  printing  of  paPtlnant  portlona  of  th*  35  mm  and  l6aai  notion 
pie  tor*  filn*  w*  bar*  axanlnad  all  of  th*  Varlan  raoordar  charts  and  bar*  lo- 
oatad  burat  signals  on  a  nuabar  of  thaa*.  wa  hava  road  tha  raaults  off  of  all 
of  th*  nagnatlo  tap**,  and  hava  asasalned  tha  Dunont  straak  photographs  and  th* 
data  OMBara  photographs  In  a  prallnlnary  way.  Wo  still  hava  tha  datallod  avalu- 
atlon  of  tha  Duauint  and  data  oamara  plotoras  to  do.  aa  wall  as  oonplatlon  of 
th*  nlorophotonatry  of  a  nunbar  of  tha  films. 

PIREPtY  HAROIE  13  August  I960 

Good  data  was  obtalnsd  on  iRiotonators.  with  tha  burst  appaarlng  as  a 
pulss  approxlnataly  20  mllllsaoonds  long,  with  a  rls*  tins  nuoh  las*  than 
1  mllllsaoond,  and  with  a  fast  dseay.  Tha  chart  recorders  also  show  tha  burst 
clearly,  as  wall  as  a  consldarabla  period  of  following  tha  intensity  fron  tb* 
cloud.  During  this  test,  tha  parsistenca  was  long  anou^  so  that  it  was  pos¬ 
sible  to  try  swinging  on  and  off  of  the  cloud  savaral  times,  and  the  results  of 
this  work  are  being  analysed. 

Plwtographlo  oovaraga  was  good,  showing  clearly  both  tha  Initial  burst 
and  the  later  build-up  of  the  cloud.  Data  was  obtained  until  the  and  of  our 
film.  The  axaot  tims  of  burst  was  found  to  be  0t|.s37 >00.60. 

Davalopnant  of  tha  cloud  Is  shown  on  the  accompanying  photographs,  and 
it  can  be  seen  that  tha  aoparant  diameter  Is  1.1  kilometer  at  burst  falling  to  a 
value  of  0.7  kllomatars  at  .05  seconds,  and  gradually  building  up  (after  0.2  sec¬ 
onds)  to  approximately  1  kilometer.  Photographs  of  this  burst  ar*  also  In¬ 
cluded  from  faster  cameras,  showing  the  difference  In  appearance  irtiloh  is  ob¬ 
tained  by  the  two  different  types  of  photographic  coverage. 

Good  coverage  was  also  obtained  with  the  solenoid  operated  cameras. 


1118 


tlw  driftlns  of  the  olood  ahoNliig  up  oloarly.  8om  •p«otrogrf9bi«s  d«t«> 
not  M  yot  roduooA*  will  to  available)  fron  thoM  photographs* 

1IBSQEOAB8  ^  Auguat  i960 

Iha  dlffaranoo  totwaan  obaarvad  alayatlon  and  pradletad  alavatlon 
on  this  burst  prarantad  any  of  our  eamras  from  obtaining  ootaraga  of  Vtio  in> 
Itlal  phasas  of  tha  axploslon.  Howavar*  by  0i(.t38t28.3  ( approxlnataly  2  saoonds 
aftar  pradlotad  burst)  our  tracking  oamaras  wars  following  tha  daralopmant  of 
tha  oloud*  and  wa  hava  axeallant  ploturaa  oovarlng  a  long  time  (until  the  and 
of  our  fllna). 

Oua  to  the  naoasslty  of  swinging  tha  phot6^.J.tipller  unit  onto  tha 
burst,  and  due  to  tba  variation  of  background  Intensity  with  sky  position.  It  Is 
difficult  to  Interpret  tha  result  of  tha  chart  recorders.  While  definite  varia¬ 
tions  ware  observed,  and  wa  are  attempting  to  correlate  them  with  possible 
ohangas  In  Intansltlaa  with  time,  more  work  will  have  to  be  dona  on  this  phase 
of  tha  data  before  wa  can  make  any  positive  statements. 

Tha  fixed  mount  solenoid  operated  16  mm  cameras  naturally  did  not  ob¬ 
tain  Information  on  this  burst,  due  to  the  dlffarenoe  In  observed  and  predicted 
elevation* 

PIREPLY  LOLA  15  August  I960 

A  good  burst  signal  was  observed,  with  a  large  aiqplltude  and  very  fast 
rise.  The  build-up  was  certainly  faster  than  1  mllliascond,  and  the  decay  of 
the  initial  signal  faster  than  10  milliseconds.  Large  photometer  signals  were 
obtained,  which  threw  all  units  off  scale  initially.  The  chart  recorders  show 
the  burst  clearly  with  large  Intensities,  and  this  data  is  being  analysed  at  the 
present  time, 

Oood  photographic  coverage  was  also  obtained.  The  exact  time  of  burst 
was  0(1.138:00*12.  The  fixed  cameras  caught  the  Initial  portion  of  Ihe  burst  and 
the  tracking  can  eras  were  in  position  In  approximately  one  and  a  half  saoonds, 
giving  good  coverage  of  the  growth  of  the  clouds  from  that  time  until  the  eikl  of 
the  film* 

Photographs  of  the  initial  build-up  of  the  burst  are  Included  from  the 
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kilcMMttM)  (Uji  mpptamit  to  loss  thsn  1  klloHstor  at  0*31  iooonds, 

i) 

f oUoMid  by  •Ifb  InoMsib*  0ns  pbotogs^ph  froii  th#  20  trtim  psp  sosobd  estiipo 
ts  IneltiAsdf  St  s  1|.0  OOSond  tins,  to  show  tho  dlstiiietiTO  spposvsnes  at  t  bs 
burst  ss  It  dsvolops. 


lEUBULSDfli  August  if&o 

Attsapts  wars  nsdSf  by  ths  uss  of  hssvy  fUtsrSf  to  photogr^^h  this 
shot.  Frsllnlnspy  ssaidnstlon  of  the  film  Is  diasppointlng*  with  no  results 
seen*  It  will  be  neofsssry  to  re-evsluete  this  film,  but  we  sre  of  the  present 
opinion  that  there  will  be  little  or  nothing  In  the  way  of  data. 

Slnllarly*  atteepts  to  use  photoneters  with  heavy  filters  and  with 
polarlsers  proved  fruitless*  in  view  of  the  daylight  conditions  prevailing 
during  the  laundh* 

PimPLY  PgQOr  16  August  I960 

Pallure  td  ttum  on  the  tape  recorder  during  this  test  resulted  In 
naklng  our  charts  from  the  Varlan  recorders  extrenely  difficult  to  interpret* 
Whether  or  not  inforaatlon  that  is  useful  osi  be  rescued  from  the  available 
charts  Is  speculative.  No  effort  to  Interpret  the  data  has  yet  been  snde. 

Vex7  good  photographic  coverage  was  obtained*  with  tine  of  burst 
established  at  0((.t4l <50*75  *  *05  seconds.  Xbe  burst  bad  a  snail  Initial  dia¬ 
meter,  and  grew  to  over  1  kllcswter  in  dlaneter  In  less  than  0*2  seconds*  gone 
asyMsetry  was  noted  In  the  appearance  of  the  buret  as  the  development  prooeeded* 

PIRPLY  OLIVI  18  August  1960 

The  very  large  background  present  oh  this  test,  due  to  the  late  firing, 
nade  setting  of  the  pbotoaultlpUer  unite  particularly  difficult*  Typically,  we 
were  operating  with  the  units  turned  down  to  approxlnately  one  ten  thousandth  of 
their  wajrtmi  sensitivity*  Probably  due  to  this  cause,  we  did  not  notice  any 
Initial  burst  slgtal  on  the  osolllosoopes* 

The  photometer  traces  do,  however,  yield  signals  over  the  first  few 
seconds*  For  example,  an  infbared  tube  shows  the  signal  building  up  wllhln 
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•ppndtimttly  10  iMondi  aftar  bux«t»  gaialag  in  aiplituda  top  alMost  6a» 
thM|  itiPting  to  dodagr.  An  iaoMdlata  signal  on  a  photonatav  aquippad  only  with 
a  polai^saPf  daeaying  in  appvoxinataly  1$  aaoonda,  ms  also  obsarrad*  fliaaa 
data  aill  ba  plottad  on  an  abaoluta  basis  in  tha  naar  futurSf  and  inoludad  witii 
tba  nixt  raport. 

Bxanination  of  tha  filai  shows  the  burst  olaarly  visible  at  0i|.  <41:50 .16, 
with  nodavate  paraistanea  of  tha  inagas  on  all  oanaras.  Tha  davalopawnt  of  tha 
oloud  is  shown  on  tha  aeooiq>an7ing  photographs,  some  of  which  wars  takan  on  tha 
laB  frame  par  aaoond  eamaras,  and  tha  othars  on  tha  20  fTama  par  second  eastaras. 

An  initial  sisa  of  *35  kllaeietars,  even  during  the  first  .01  saocnds,  is  ob- 
sarvad,  with  very  rapid  Inoraaae  of  sise  to  approxlnataly  1  kilonatar. 

FIREFLY  JEAHHIB  10  August  I960 

Exoellant  photographic  coveraga  was  obtained  during  this  test.  Tha 
tracking  mount  was  directly  on  the  burst,  giving  us  semi- telephoto  photographs 
of  the  initial  development.  The  time  was  04:36:40.80.  The  fast  cameras  bad 
enough  intensity  to  follow  the  burst  for  approximately  2  seconds,  while  the 
slower  oameraa  (20  frames  per  second)  followed  for  a  few  more  seconds.  Tlia 
solenoid  operated  cameras  obtained  data  for  considerably  longer  period.  Spec- 
tral  information  should  be  available  froa  these  films,  after  they  have  been 
photometered.  Development  of  this  burst  on  both  the  fast  oasiaraB  (128  frames  par 
second)  and  slower  cameras  is  shown  on  the  photographs  which  are  reproduced 
herein. 

Large  al^iale  from  the  initial  burst  ware  obtained  on  the  oscilloscopes, 
and  on  the  chart  recorders.  Tha  initial  burst  corresponded  to  a  pulse  with  a 
total  length  of  approximately  20  milliseconds,  although  it  can  ba  seen  from 
analysis  of  tha  chart  recorder  data,  which  is  Included  in  the  aocompanjring 
figpira,  that  tha  signal  persisted  for  considerably  longer  at  a  much  lower  level. 

FIREFLY  SDSAW  17  August  I960 

Excellent  photograihio  coverage  of  this  shot  was  obtained  on  all 
casmras.  Very  r^pid  growth  of  tha  original  oloud  ms  observed,  and  tha  iisagas 
paraiatad  until  tha  and  of  our  film.  The  growth  >f  tha  oloud  aaesia  to  ba 
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BstlMtadl  total  radlatl<m  from  aouroa  plus  baokgrotBd  (vatta) 


raRiniT  JBAinilBo'PHOlOiaTBR  results 
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ooripl«t*ly  nonwl  and  vagal«t>  ultbout  tha  mppufnt  aapy  larg*  I’*” 

glnnltig  Igrpioal  of  oortaln  other  burets  • 

Bunt  tine  was  0i|.:i|.3t49«33«  sad  good  egreenent  wee  obteined  betueeh  ttae 
▼erlous  fllns  exenlned  Insofar  as  buret  time  was  oonoemed*  FurtbenKtra*  the 
telephoto  lens  oamrae  were  apparently  directly  on  burst*  giving  uS  ezoelleati 
photographs  on  a  larger  negatlTS  alee  for  etudyli^  the  early  pontlone  of  the 
developaient  of  the  cloud. 

We  observed  the  burst  on  the  photometer  traoes*  but  the  reduotlon  of 
this  data  is  not  yet  ooatplete. 

FIREFLY  DOLLY  27  July  I960 

We  obtained  approximately  10  seconds  of  data  beginning  at  time 
0l|.t2l:45.65*  whlih  agrees  wall  with  the  time  recorded  by  another  group.  This 
burst  developed  very  rapidly*  with  the  first  frame  im  the  128  fram  per  second 
camera  showing  a  diameter  of  1  kilometer*  developing  to  2  klloawters  In  less 
than  0.25  seconds.  Following  the  rapid  initial  Inorease  In  slse  at  burst  the 
growth  was  much  slower.  The  Intensity  decreased  relatively  rapidly*  apparently 
with  a  time  constant  of  approximately  0.3  seconds. 

We  have  satisfactory  data  on  the  solenoid  operated  16  mm  oameras  for 
bridging  the  gap  between  the  very  fast  and  very  slow  regions*  and  have  some 
spectral  Infomation  available  from  this  source. 

Interference  due  to  lightning  flashes  prevented  certainty  In  deter¬ 
mining  whether  signals  were  observed  or  not  on  the  photometric  equipment.  While 
further  analysis  of  the  data  will  be  attempted  we  noted  that  signals  many  times 
background  were  being  ea\ued  by  the  lightning  flashes,  so  that  It  Is  doubtful 
that  we  can  definitely  assign  deflections  on  the  Instrument  to  the  burst. 

The  burst  was  observed  at  02t33}l|4*8  ^  .05  seconds.  The  Initial  flash 
of  light  decayed  with  a  time  constant  on  the  order  of  a  few  hundredths  of  a 
second*  and  the  build-up  of  the  original  light  Intensity  was  much  faster  than 
10  milliseconds.  Here  again  the  full  else  was  reached  cnthe  first  frame  of 
the  128  frasw  per  second  oameras*  oorrespondlng . to  approximately  1  kiloawter. 
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fhft  lil#i  IntfDiity  pertidi  of  tho  elovd  diofOaiod  la  ali*  ttpUlf  aftor 
Initial  burtkt.  ii  .  ■  - 

tbm  photoMton  oparatod  propatlyf  and  data  waa  obtalaid  for  apf#ogKl- 
nataly  $  alautaa  aftar  tha  initial  borat.  A  aaall  aaoont  of  apaotral  lnfoma<k 
tion  waa  aaourad^  ibloh  baa  not  yat  baen  analyaado 

On  tbii  taat,  obaartatlMia  wara  nada  nopa  diffieult  by  tha  fact  that 
lanaaa  wara  wat*  dua  to  eondanaation. 

Data  was  obtalnad  on  the  aolanold  oparatad  oaaatfaa  for  only  a  faw 

aaoonds* 

P1RBPI.Y  Bgragy  8  August  1980 

Tha  fila  on  tbla  teat  showed  a  burst  tlaw  of  0i4.:l6:i|0.62.  Tha  latar- 
madlata  Qiaad  eanaraa  (128  fraaoa  per  aeoond)  aaourad  data  for  approxlnataly 
0*1  saoond  before  Intanalty  decay  pravantad  further  results .  Tha  slowar  eanaraa 
(both  20  franaa  par  saoond  and  1  frana  par  second)  obtalnad  good  oovaraga  for 
longer  times.  Initial  intensity  was  raaohad  quite  rapidly  (within  10  nllll- 
seeonda)  and  tha  daeay  constant  seems  to  be  (tram  tha  fila)  on  the  order  of  a. 
faw  hundredths  of  a  aacond. 

Althou^  tha  128  frame  par  second  eanaras  show  full  site  ( approslaataly 
0.5  km)  on  the  first  frame  with  dsoraasing  intensity  thereafter,  the  20  frana 
per  saoond  oanara  doaa  show  a  growth  of  the  oloud.  This  is  undoubtedly  dua  to 
tha  fact  that  the  20  frame  per  aaooad  oasnras  are  piokixig  vp  parta  of  the  oloud 
that  ara  not  visible  at  the  shorter  affeotiva  axpoauraa  on  the  128  frame  par 
saoond  oamaras.  A  "particle  wave*  seems  to  appear  quite  olearly  at  approKlnataly 
0.l5  seoonds  on  tha  20  frame  per  saoond  oamaras. 

DwBont  oanara  oovaraga  obtained  aona  results,  but  interpretation  has 
bean  hanparad  by  lack  of  good  tine  marks  on  tha  film.  This  film  will  be  studied 
further. 

There  were  soma  lightning  flashes  during  this  test,  which  oo^plioatad 
the  interpretation  of  pbotosMter  data.  However,  an  unnistakable  burst  signal  was 
seen  on  the  osoillosoopas.  with  a  very  fast  rise  (nuoh  faster  than  1  niUlssooBd) 
and  with  a  decay  constant  of  approxlnataly  30  nillissoonds. 

Tha  burst  is  also  olearly  visible  on  the  chart  raoordera.  althoui^ 


lnt*Fin>«t«tloa  of  the  reaults  at  later  tinea  la  oonplieatad  the  fact  that  the 
baekground  la  Inartaaing  rapidly  and  by  the  fact  that  the  olouda  aaeaad  to  ba 
■ovli%  flblte  Mpldly*  nking  the  traoking  problaa  rather  aevare* 

PXRBW.Ti>inr  28  July  I960 

Ve  have  datemlned  the  tine  of  the  buret  on  this  teat  to  be  02i32sU5*26i 
In  good  agreement  with  the  value  reported  by  othera.  We  were  able  to  obtain 
Initial  burat  data*  ahowlng  full  developnent  of  Intenalty  within  leaa  than  0*01 
aeoonda«  with  the  cloud  apparently  at  full  alee  on  the  initial  record.  Thla 
appeara  to  be  approximately  1  kiloeieter«  with  only  very  sll^t  ejQ>ansion  of  the 
original  cloud  apparent  aa  time  went  on. 

Our  aolenold  operated  16  nn  oameraa  were  able  to  follow  the  burat  for 
aeveral  aeoonda,  but  the  Intenalty  waa  quite  low. 

No  photometer  data  waa  obtained.  In  aplte  of  almoat  Ideal  - background 
condltlona,  due  to  failure  of  the  -1000  volt  power  aupply  aerving  the  photo¬ 
multiplier  tubea, 

FIREFLY  RDTHT  1  Auguat  I960 

On  thia  teat  we  were  able  to  eatablieh  the  time  of  burat  aa 
02:32>29.33  *  *01  aeoonda.  The  data  obtained  on  the  faat  oameraa  ahowed  a  very 
rapid  riae  of  the  Initial  pulse  (faater  than  10' milliaeconda )  and  a  decay  oon- 
atant  of  approximately  .02  aeconda.  The  alee  of  the  initial  burat  correaponded 
to  approximately  kilometers  with  full  Intensity  evident  on  the  first  frame 
and  decreasing  intensity  thereafter. 

Preliminary  examination  of  the  Dumont  atrip  camera  data  showa  no  use¬ 
ful  signal  above  background  level,  although  the  film  Is  clear  and  the  time  marks 
are  quite  good. 

Equipment  difficulty  (shorted  high  voltage  cables)  prevented  obtaining 
photometer  information  on  this  teat. 

PIRSFEY  OERTA  6  August  I960 

The  photometers  ahowed  a  large  burst  signal  approaclaataly  50  nilli- 
seoonds  wide,  with  a  rise  time  of  less  than  1  milliaacond.  Also,  the  Varian 
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r«oos>d«rs  shoNtd  tlM  bunt  eSaarly#  with  tfatoadii  bf  gOoA  bilb  fbilatitag 

tta*  laltlul  Mplosioii.  Vary  low  baekgnuad  Md*  tho  data  wavy  elaav»  and  it 
Bbould  ba  poaiibla  to  daduoa  aoaa  inforaation  oa  'apaotruB  tv<M  tbai*  raobida* 
Although  faulty  funetioning  of  tha  Vitro  tiaM  rboaiwap  Mda  it  naoaa» 
sary  to  azanlna  •  the  film  fnma  by  fraaa»  tha  bunt  waa  loeatad  and  thi  initial 
risa  traced.  ?roB  an  initial  dianater  (at  bunt)  of  approxiaataly  0*2$  kilo* 
■atara*  '<he  cloud  grow  to  0.1|.  klloMtara  at  tha  and  of  »0$  aacondCt  0*6  kilo* 
metan  at  the  end  of  0.1  seconda  and  beoana  very  diflUaad  and  diffiault  to  aaa 
by  the  end  of  0.l5  aeconda.  The  appearance  of  the  cloud  ia  ahown  in  tha  photo* 
grm>ha  included. 

PIREPLY  JAWCT  26  July  I960 

Exaadnation  of  the  film  from  the  20  frame  per  aecond  and  the  faatbr 
cameraa  failed  to  ahow  any  trace  of  burnt  on  thia  teat.  We  have  obtained  photo* 
grapha  with  approximately  1  aecond  expoaure  on  the  aolenoid  operated  16  wm 
cameraa «  and  should  hare  acme  data  available  here  on  relative  apectral  diatri* 
bution  of  the  emitted  light  for  the  first  few  seconds  after  the  bunt.  Since 
we  have  not  been  able  to  locate  ^e  burst  on  the  faster  cameras  we  an  not  able 
to  give  an  accurate  time  for  thia  burst.  The  photographs  idiioh  were  obtained 
showed  very  little  difference  between  the  intensity  of  the  bunt  and  the  aky 
backgroundf  at  least  in  the  U.ue  region  of  the  spectrum. 

Ifo  photometer  data  was  obtained,  due  to  large  background  intensity 
and  the  small  difference  between  background  and  signal  lavela. 


PIREPLY  HILDA  1  August  I960 

Poor  recording  of  Vitro  time  on  the  film  hampend  interpretation  of 
this  data.  The  films  have  been  examined  frame  by  frasw  and  no  image  has  been 
found.  Likewise,  no  burst  was  visible  on  the  photosMtera. 

Pilm  from  the  aolenoid  operated  16  an  camaras  baa  not  yet  been  ooai* 
pletely  examined. 


PIREPLY  CARHT  18  Jhly  I960 

Analysis  of  the  films  obtained  gave  ua  a  burst  tisM  of 


04t03t26«]4  t  *0$  ■•oondi*  nii*  wQyldiiiM  givt  *  fmif  jUi##  <|iilli« 
■howiiKt  up  $■  3  <MiMi  on  tbu  20  ihnmt  por  ••ettid  eanorut*  Mik 
foutui^o  vao  notodf  In  tlMt  tho  ••o6nd  fran*  of  tb«  tbro*  fnulis  Ubialliod 
to  bo  in  tho  ohi^  of  «  doucbint*  St  lo  iatiaidod  to  pUntoniter  this  Alat  jiiiio# 
tbo  plotupoa  opo  vopp  eloor  and  tfao  ftln  lo  woll  wltitln  its  pr^op  .Ini^ttidi* 
so  tbst  quantitstlvo'  dots  osn  bo  obtolnod.  Fpono  tagr  f^iMo  oxoiinotion  qt  t|Mi 
hlgbop  Opood  ooMPO  flln  boo  not  pioldod  ongr  laogos*  ond*  duo  to  tbo  foot  1iks| 
tho  VltPo  tlao  mo  not  duaotlonlne  ppopoplj  on  thooo  oonopos«  it  is  not  poiVilblA 
to  loesto  oxpotly  tho  poption  of  tho  flln  that  ooppoopondo  to  tho  bupot  tins* 

Vo  oisnSi  obovo  bookgpound  woo  obtolnod  on  tho  photonotPlo  oqulfswnt^^ 
slthou^  two  photonultlpllopo,  ono  oqulpped  with  s  polopisop  and  anothop  with 
no  mtoPf  vopo  tpainod  on  tho  oxpeotod  bupat  loeation. 


iJ^SkLASaSk  August  I960 

Look  of  VltPo  tiao  on  the  photographs  for  this  shot  mdo  antiLysis 
difficult*  Howoyer*  no  burst  has  been  found  and  wo  do  not  bolioyo  that  wo  havo 
any  data  for  t  his  shot* 

Tho  photonotora  llkewiso  show  no  data.  Our  t^pos  havo  tbo  oaeaeant 
that  thoro  was  a  pinpoint  of  light  approziaately  8^  off  of  oup  sotting  (whioh 
would  hays  noant  that  nolther  our  oanopo  oquipnent  nor  our  photoaMtors  would 
hays  boon  able  to  pick  «q>  tho  signal)  and*  although  wo  swung  tbo  aount  as  rapidly 
as  poaslblo  to  this  position*  no  fUrtbop  signal  was  obsoryod* 

PIHSPLY  TP  AWa  13  August  I960 

Vo  data  was  obtained  on  this  shot  either  by  oaaorao  or  by  photomtdrs. 
The  burst  was  not  yislblo. 

PIBBTOT  TP  JOatt  13  August  I960 

Vo  data  was  obtained  on  Ibis  shot  either  by  eanoras  or  by  ^^toaotors* 
The  burst  was  not  yiaiblo* 

PlRKFtY  BMA  19  August  I960 

Although  an  attaaqpt  was  aado  to  operate  tbo  photosMtops  dupiqg  tho 


liimAh  of  tbia  ta'stf  it  waa  foubd  that  baokgrottDd  waa  h0palaiai7  bl|jh« 
ao  that  BO  data  vaa  Obtained*  Vo  oanapos  war#  operated  durine  tbla  taat* 

Fimwaf  LUmt  17  Anguat  1960 

Vo  data  waa  obtained  on  tbia  ahot  either  by  oaaaraa  or  by  photOMltore* 
The  burat  waa  not  wiaibla* 

pimgLT  myg  29  i960 

Prallninary  asaaination  of  ttie  filau  fron  tbia  taat  tfiow  no  aign  of 
burat  in  the  vioinity  of  the  predicted  tine*  but  it  ia  intended  that  tbia  find¬ 
ing  will  be  reviewed  oarefully  before  being  aooepted.  Likewiee,  the  photoaater 
data  ahowa  no  apparent  burat  (no  deflection  on  the  metera  waa  noted  at  tha  pre¬ 
dicted  tine  of  burat)  and  the  r^iidly  increaalng  backgrouxid  prevented  poaaible 
differentiation  of  aignala  fron  the  developing  cloud  frcm  thoae  of  background* 

So  far*  ttBrefore*  we  hare  abaolutely  no  data  on  Ihia  teat. 

FIREFLY  PRAVOVa  II4.  July  I960 

We  were  able  to  eatabliah  the  time  of  burat  aa  0t|.:06t20.92  ±  .01  aao- 
onda.  Bxanination  of  the  20  frame  per  aecond  notion  picture  filn  ahowa  that  the 
cloud  grew  fron  an  initial  dlaneter  of  approxinately  0*2  kiloawtera  to  0*I|.  kilo- 
metera  at  the  end  of  *0$  aeconda,  0*9  kiloawtera  at  the  end  of  0*5  aeconda  and 
1*2  kllonatera  at  the  end  of  1  aecond*  Pull  brlc^tneaa  waa  achieved  on  the 
firat  frane,  indicating  a  veiy  rapid  build-iq>  of  initial  intenaity*  The  varioua 
atagea  of  the  developiHnt  of  the  cloud*  including  a  later  fonMtion  of  the 
creacent  ahaped  and  uebuloua  fom*  ia  depicted  in  the  pbotograpba  reproduced 
here. 

Fhotonetera  tiere  not  operated  during  thla  teat* 

PIREPLY  Lliar  21  July  I960 

We  oan  eatabliah  the  tine  of  thia  burat  at  0i4.t05tl7*33  *  0.01  aeconda. 
The  burat  starta  at  a  vary  anall  aise  (leaa  than  0.1  kn)  and  growa  alowly*  to  a 
little  over  l/2  kiloawter  at  the  end  of  one  aecond.  Our  filn  recorda  on  thia 
burat  extend  over  aoveral  aeconda*  with  the  Initial  riae  to  naxiawm  intensity 


oeourvitit  ^  iqwiwKiaMttly  0,^  iMoods*  ala*  olHiiiiMdl  fldod  dMd  dd  Mm 
Oiaaoot  itplp  fila  «aMraa  on  thla  Bhot,  with  a  atPaak  avan  on  tha  faatdit  apoad 
(1|00  inohaa  pa>i^  aintota)  axtandlng  ovar  aqpppoxlnatalp  two  faat  of  ft||lB«  Plietd* 
swtrp  of  thla  atrip  will  ba  dona,  fbotographa  on  strip  eanOraa  wara  obtalaad 
with  rad  and  graan  flltara. 

Photoawtar-  signals  wara  obtalnad  on  this  burst  with  a  parilotottoa  of 
sevaral  nlnutas.  Intensity  In  lha  blua  raglon  was  appranliMtsly  tantlnaa  that 
In  tha  rad.  Wa  hawa  not  ss  yat  Mduoad  tbs  photosMtar  data  to  an  abapluta 
basis . 

PIREW.Y  HEPY  22  July  I960 

Wa  hava  astabllshad  tha  tlM  on  this  burst  as  Ot).:  12  >14.6*4.  +  .05  sao- 
onds.  Tha  rlsa  of  tha  Intanslty  of  tha  insgas  on  this  film  was  rathar  slow. 

Oha  Initial  alea  at  burst  was  lass  than  *05  kllonatars.  0wwlng  to  0.1  kllo« 
metars  at  0*1  aaconds.  0.25  kllonatars  at  1  saeond.  and  0*14.  klloBMtars  after 
6  aaconda.  Maximum  intanaity  waa  not  raaobad  for  almost  1  sacond  and  our  data 
covers  more  than  20  saeonda  (until  our  film  was  axbaustad).  Tha  davalopnant  of 
tha  burst  is  ahoun  on  the  photograi^a  inoludad  herewith.  Pbotomatar  data  on 
this  burat  shows  smaller  signals  than  in  Firefly  Lily,  with  approximately  the 
sane  speotral  distribution*  Raduotion  to  absolute  basis  has  not  yat  bean 
completed. 

FIREFLY  IDA  20  July  I960 

Examination  of  the  films  from  this  firing  showed  no  traoe  of  the  burst 
on  any  of  the  camaraa  employed.  Certainly  one  ajqplanation  for  this  was  the  faot 
that  the  burst  was  6.5^  off  in  elevation,  and  most  of  our  equipment  was  sat  for 
a  +  5^  aooeptanoa  angle.  On  tha  basis  of  the  results  of  this  shot,  wa  modified 
lens  arrangements  for  future  shots  to  enable  us  to  aooept  a  somewhat  larger 
angle  of  view. 

Although  our  pbotMetar  should  have  bean  operative  during  this  shot, 
tha  smaa  field  of  view  aooeptanoa  angle  was  amployad  as  mentioned  above, 
iriiiob  prevented  us  from  obtaining  Information  on  the  Initial  burst.  Mo  slipial 
above  background  was  obtalnad  on  tha  pbotometrlo  equipment* 


2$  Antmt  i'iio 

On*  to  th*  lore*  dlfforaneo  b*tMO*n  obooi^d'  «|id  prodietod  olttntioii 


(iVtWMdiMtitj  I}B^)  all  of  our  aqnipHMit  n**  polntad  in  tha  Wirong  dirootlOii  on 
thli  laOBon. 


Wa  did  not  obtain  any  uaafnl  Infosmation  upon  awinging  lha  noUnta 


toward  tna  oManvad  bofat* 

Wa  hava  no  data  wbataoavar  on  thia  abot* 


PlHgW.T  WBWnr  16  Auguat  i960 

Tha  33^  di.ffaranoa  batwaan  obaarvad  and  praduotad  alavation  on  thia 
abot  MBt  that  all  of  our  aqaipnant  waa  off  of  tha  burst  whan  it  oeourrad* 
Tharaforat  aa  night  ba  axpaetad*  no  photograpba  wara  obtainad  of  tha  burat* 
llavarthalaaa«  tha  amount  of  aignal  produoad  by  tha  axploaion  waa  So  larga  that 
wa  obtaJnad  a  larga  daflaction  of  the  oaolllosoopa  (oompletaly  off  aoala)« 
probably  baoauaa  of  raflactiona  from  tha  clouds  that  wars  in  Idia  flald  of  viaw* 
Wo  attanptad  to  swing  tha  photomoter  onto  the  burst,  but  again,  dua  to  Taria** 
tion  of  aky  background  with  position,  tha  rosults  obtainad  ara  qulta  difficult 
to  Interpret.  Althougii  wa  shall  continue  trying  to  reduce  thia  data  (particu¬ 
larly  attaiq>ting  to  aatlnata  tha  total  light  anittad  by  this  burst  as  ooag>arad 
to  thoaa  at  higher  altitudes),  wa  ara  dubious  that  vary  much  useful  infonaation 
will  result, 

FIREFLY  BTHBL  25  July  I960 

Mo' data  was  obtained  on  this  shot  alther  by  oaraeras  or  by  photoaiatars. 
The  burst  was  not  vlslbla, 

FIREFLY  DOTTY  15  July  I960 

No  data  was  obtainad  on  Ibis  shot  either  by  cameras  or  by  ^lotosiatars . 
The  burst  was  not  visible, 

Pll«at.Y  EDITH  12  July 

No  data  was  obtained  on  this  shot  either  by  oamaras  or 
Tha  burst  was  not  visiUe, 


I960 

by  photoMters, 
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glHiatof  gRPEBf  17  August  i960 

Ths  pbotoMtsr  rsoords  on  this  shot  do  not  show  any  spprsolsblo  slg- 
nsls>  sxeept  that  a  hurst  was  notad  at  l82  saoonds  after  launch.  Discussion  of 
this  burst  with  the  group  present  at  the  t^me  showed  the  probability  that  this 
was  a  neteort  rather  thm  the  eigpeoted  signal.  The  error  of  tine  of  approzl> 
mately  two  seconds  la*  we  feel,  significant  bare. 

Thorough  examination  of  these  films  has  failed  to  raroal  any  Images. 

9.  DISC0S8I0N  OP  REStlLTS 

Although  some  tentative  comnents  have  been  made  In  tbs  preceding  text 
oonoemlng  various  points,  no  really  coordinated  discussion  of  results  has  been 
possible  to  date  because  of  Ihe  fact  that  our  data  must  be  coordinated  with  that 
of  other  groups.  We  are  in  the  process  of  doing  that  at  this  time,  and  expect 
to  include  In  the  next  report  a  thorough  discussion  of  the  maanlng  of  our  re¬ 
sults  as  they  compared  to  data  obtained  by  radio  frequency  reflection,  by 
longer  time  photographic  coverage,  and  by  other  methods.  Also.  It  Is  expected 
that  by  the  next  report  all  of  the  remaining  data  will  be  evaluated,  which  will 
add  approximately  one-fourth  additional  Information  to  that  already  presented. 

It  cannot  be  stressed  too  strongly  that  the  photographs  In  the  atlas 
which  has  been  prepared  are  the  best  and  really  only  satisfactory  way  of  seeing 
the  type  of  results  obtained  photographically. 
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ABSERACT 

Procedures  and.  results  are  presented  for  the  aeasuxeaent  of  early-tlne  cloud  growth  IbMe 
are  derived  from  velocities  which  are  obtained  frcm  Doppler  frequency  shift  records.  3he  results 
suggest  a  predominant  direction  of  growth  for  each  release.  IQieoretlcal  energy  spectral  distri¬ 
butions  of  Doppler  shifts  are  coi^iared  to  measured  values  for  one  esse  as  a  basis  for  dsteimlnlng 
initial  cloud  structure. 

I.  ZRERQDUCTXON 

Radio  measurements  of  cloud  growth  during  the  first  few  seconds  after  release  provide  a 
means  for  observing  shock  wave  phenomena^  velocity  and  velocity  decay  of  the  expanding  gas,  and 
peidiaps  initial  distribution  of  gaseous  matter  in  the  cloud.  A  blstatlc  CV  transmitter-receiver 
system  was  eiig)loyed  in  an  effort  to  obtain  some  of  the  answers  using  frequency  spectrum  analysis. 
She  velocity  of  growth  Is  sufficient  to  generate  a  measureable  Doppler  frequency  shift.  Ibis 
frequency  shift,  when  integrated  over  the  first  few  seconds,  would  give  the  early-tlae  growth 
pattern.  The  resulting  curves,  idien  correlated  with  photographs,  mleht  give  a  basis  for  com¬ 
paring  electron- ion  growth  against  the  visable  shock  wave,  gaseous,  and  particulate  natter  com¬ 
ponents  of  the  expanding  cloud.  Spectrograms  were  obtained  on  all  thirteen  observed  FBC  releases 
(Zilda  was  not  measured)  and  on  the  evening  twilight  Arlene  BE  release. 

n.  XBEQRI 

A.  Cloud  Orowtb: 

Ihe  expression  relating  maximal  Doppler  shift  to  uniform  isotropic  growth  of  a  spherical 
reflecting  surface  is 

▼  -  ®  (1) 

o 

when  V  <  <  C 
where 

6  defines  the  bisector  of  the  forward  scatter  angle  or  7,  (Fig.  1) 

V  is  the  instantaneous  growth  velocity  of  the  cloud  in  ka/sec. 

C  is  the  velocity  of  propagation,  Or  3  x  10“^  km/sec. 

^  is  the  maxtro  frequency  idiift  from  f^  in  cyeles/sec. 
f^  is  the  radio  frequency  in  cycles/sec. 


lil? 


Velocity  T  can  iM  darlYaA-at  any  tlaa  I  (it  tha  clouft  poaltion  la  knMm)  ftoa  tiM  NiMnaMft 
Sogiiior  ahin  of  tha  CV  alcnal,  vhlch  la  tranaalUad  via  the  clouA  fwm  runaacola  to  8in  iotaa  or 
Buekar  (flg«  !)•  J&iittgratloa  of  tha  Doppler  ahlft  eurvea  over  a  period  of  ttw  t  yialda  a 
neaeure  of  the  cloud  grewthj  thua 

Orowth  »  C  vdt  (2) 


B.  Energy  dletritmtlon  of  epectral  coaponents 

Hon^syaaetrleal  cloud  grovth  can  be  detected  In  the  energy  epectral  dlatrlbutlon  of 
Maaured  Doppler  ahlft  coaponenta  at  the  San  Blaa  and  Rucker  altea.  Vo  approach  tbla  problaa^  a 
aymaetrlcal  growth  nodel  la  flrat  aaauaed  for  a  apherlealljr  expanding  auxface  with  velocity  v^> 
Proa  the  geonetzy  (flg>  2)  it  can  be  ahovn  that  the  velocl^  component  v^  aaaaured  at  either 
site  is  given  by 


V  ••  2v  sin  0  sin  e 
•  c  ^ 


We  wish  to  detemine  bov  oany  (>)  such  velocity  coaponents  are  active  In  a-  constant  band- 
vldth  df  (l.e.,  a  velocity  banl  dv^  >  const.^  since  the  analyser  filter  la  constant  vldth)^  as 
contributors  to  measured  spectral  energy,  tflie  locus  of  constant  v.  around  the  sp)iiere  la  a  circle 
of  radius  k  cos  0 


and  length 


1  ■  k*  cos  0 


The  width  d0  on  the  sphere  of  the  band  which  contains  all  cooponents  between  and  v^ 


+  dl^  Is  obtained  from  eq.  (3) 


3he  total  number  of  components  Is  the  product  of  equations  (4)  and  (!f),  l.e., 

IS  m  m  -  kdv^  -  kdf  (6) 

and  Is  Independent  of  frequency.  Therefore  a  flat  apectral  reaponae  la  axpaetad  for  tha  unlformx 
ly  growing  sphere. 

Zf  the  sphere  grows  non  uniformly  thla  response  la  modulated/  and  apactral  data  must  ha 
matched  In  each  ease  to  a  suitable  dletrlbutiou  function  for  mess  transport. 


izz.  xQDZEias  KBciomai 


A  one  kilowatt  li^ut  CW  transmitter  was  located  at  MS  Baufly  field/  which  Is  approximately 
12  km  I.V.  of  Pensacola,  Plorlda  and  80  km  Wist  of  the  launch  area.  Receiving  sites  mare  located 
at  Cape  San  Bias,  Florida  (qprox.  l4o  km  last  of  launch)  and  Ft.  Rucker,  Ala.,  (i^prox.  13$  km 
lorth  of  laun^)  to  allow  for  growth  measurwsnts  along  two  dlractlooa.  For  the  gaomjrtxy 
selected  (Fig.  l)  maxlmua  Doppler  ahlft  at  San  Bias  corresponds  to  growth  appgroxiaatOly  In  ths 


Itlf 


Twtlcal  (vfi  or  Hom)  dlMetion}  at  Ba^cM>  this  dizaettoix,  is  at  ansoxlMtaay  30  togpaai 
^Lavstlflo  aai^  alniic  a  naaidy  Wl  dlxaetloB. 

Sha  tnoMittar  iMt&  aa  output  of  i^prulaatOljr  600  uatta  at  a  (uurrlar  fMqaaaex  aoaf  29  Mb 
lAtOh  fad  a  3  alaaint^  7  A>  MaMv  IMgl  aotanaa.  Slia  liiaautdai  uaa  auffteiaut  to  iUualaata  iMia 
anpaetad  s«fion  ubars  nlaagaa  van  aada  vltboiit  raqulrlag  raorloiitatlon  of  autamiaa. 

Bia  xaeaivara  uaad  a  taabtldth'  of  about  2  ke.  and  tba  BPO'a  ware  aet  ftnr  aa  output  of  ibout 
too  e/a.  Shraa  alaBaut  Tael  aatennaa  ware  uaad  at  both  xecelTlag  aitaa. 

9w  outputs  of  tha  racalTem  were  recorded  on  aaenatie  tape  la  order  to  facilitate  data 
raduetloa  at  a  later  date. 

XT.  mSCOBSIOI 

9ia  apeetrograaa  thua  obtained  (ng«  3a>  b,e,d)  abow  aeny  featuree  that  nay  lead  ua  to  ob¬ 
tain  a  better  aodel  for  the  releaaes.  It  appeara  froa  the  spectxograaa  that  on  eone  of  tha  ahota 
the  elouda  i^pear  to  reflect  aa  aa  overdeuae  auxfaee.  Bowerer,  a  auhber  of  xelaaaea,  aapeclally 
at  hitfier  altitudea^  produce  a  Doppler  apread.  Ibla  would  arlae  froa  a  genaralljr  undeidanae 
cloud  coupoaed  of  a  mariMr  of  high  deoai^  aeatter  eentera  (aerta>  As&ane,  fiuthy>  etc.). 
nUa  latter  type  of  apeetrua  eomaponda  to  cloud  growth  la  naogr  dlreetlona.  froa  Ct^  San  Blaa 
the  aaxiam  Doppler  ahlfta  reault  froa  downward  growth  and  au  upward  growth.  Froa  Ft.  Rucker^ 
however^  auch  growth  la  along  a  W-SE  direction  at  30  degreaa  elsratlon  aaoie.  She  lower  and 
uvper  boundarlee  are  poaitlona  of  wuxIot  frequency  ahlft  and  are  uaed  to  neaaure  cloud  growth 
quantltatlwely.  Ihe  heavy  areaa  that  lie  between  the  outer  boundariea  of  the  apread  tracea 
repreaent  other  weloclty  coaponeata  that  arlae  froa  acatterera  aorlng  radially  la  the 
aphere  in  other  than  theae  aawlwai  directiona.  A  cloae  look  at  aone  of  the  apectrograai;  ahov. 

uany  eaaea  of  Doppler  frequency  ahift  atepa.  Theae  atepa  nay  be  aaaociated  with  ahoek  ware 
phenouena.  It  la  poeeible  that  the  flret  atep  nay  be  the  ehock  ware  while  aueeeeding  atepe 
are  warea  of  gaaeoua  (eealtai)  natter. 


A  brief  dlseuaeion  of  each  epectrograa  foUowa.  One  nuat  be  careful  not  to  alelaterpret 
the  Bultlples,  which  are  produced  froa  overloedlng  the  fUtere  in  the  eonalyner  equipaent.  All 
poasiUe  fentuiea  appaarlug  on  a  bunt  aonograa  are  indicated  in  the  following  sketcht 


TlMCv  Mt. 
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1.  kOatm 

9m  difAMMviMM  ladleatM  usbterlac  txtm  mgr  ngtoiM  of  Ite  gRnrtag  MHO*  m  tlnMi  la 
th*  ikitdi 


9w  abaanco  of  a  ahaxp  tvace  comapoadlag  to  aogr  ona  xagr  path  la  aacrlhad  to  tha 
Bultlplicltgr  of  acattaiara  la  tha  hUbhla.  A  atvoag  uppar  traea  appaara  In  tha  San  BLaa  hut  not 
Buekar  racoid. 

Xt  la  ballavad  tha  Arlana  pattaxn  appaara  alao  la  naay  of  tha  Caalua  ralaaaaa  at  hurat^ 
ohaeurlng  tha  groirth  of  tha  caalua  eloul  for  tha  flrat  ona  or  two  tantha  of  aaeonda., 

2.  Marala 

9m  dlffaranea  la  apparaot  raat  alaa  ohaarvad  froa  tha  two  altaa  la  orar  3:1,  poaalhly  raal, 
but  aayba  froa  a  difference  la  aanaltlTltlaa  racordad  on  the  aonograa.  Both  recoxda  Mmv  alight 
Doppler  broadening  on  the  domnmrd  growth,  and  no  uppar  trace.  (9m  latter  for  tha  aaaa  raaaona 
aa  Lola  balov). 

3.  htola 

A  record  for  Buekar  onlgr  la  available.  9m  difference  la  pagrload  la  ippareat  la  tha  In- 
tenaltgr  of  ratuma.  9m  lownr  growth  trace  iq^paara  elaaa;  however  a  wore  aenaltlra  aonograa  wagr 
ahow  otharwlaa.  lo  ^pper  trace  la  rlalbla. 

4.  loU 

Orowth  at  both  altaa  la  to  a  raat  lower  radlua  near  0.4  kn.  9m  auggeatlon  of  apaetral 
broadonlng  In  tha  lower  buret  trace  forS.  B.  aagr  be  overlapping  of  two,  istaass,  clsaa  tncaai 
theaa  are  dlatlact  at  Buekar.  9m  two  tracea  auat  arlaa  froa  growth  of  two  aajor  portlona  of 
tise  cloud  In  slightly  different  direetlona.  9m  lack  of  an  upper  traea  would  be  a  eoaaagiMnea 
of  the  low  relaaaa  altitude,  reatrletlTa  growth  and  reaultaat  opaqueneaa  to  2?  Jfc  wavaa. 

5.  Cathy 

Beat  lower  radlua  froa  both  altaa  differ  cdnalderably.  Oaoxgla  Tech  pbotographa  froa  alta 
f  alao  ahow  deayaaitry.  A  doiibla  trace  on  tha  lower  aide  an?aora  at  B.3.,  but  at  Bucher  the 
trace  la  rather  apread.  A  very  alight  Indication  of  atep  la  aaan  by  alghtlag  endwtrd  on  the 
record.  Balthar  appaara  to  ahow  an  Initial  rata  of  growth  coagiarabla  to  ahock  lonliatlon. 

6.  Fo|ygr 

9iltlal  growth  alaa  waa  aomhat  laaa  than  Cathy  at  both  altaai  Buekar  hbowad  alitftUy 
largar  lower  radlua.  Otlqua  la  tbla  record  (and  Olive)  la  the  elaan,  — vargrlng  trace 
with  no  atepa,  and  no  evidence  of  ahock  growth.  9Mra  la  vary  all^t  ladleatlon  of  a  apKead 
uppar  traea  at  8aa  Blaa}  howwver  the  record  la  aolay.  9w  clean  faaturea  of  the  tracea  aagr 
algolfy  a  nearly  unlfora  laotroplc  dletrlbutlon  of  elaetrona  la  apberleal  trowth;  tha  fhet  that 
no  Doppler  epraad  appaara  outatandtng  auggaata  a  anooth,  upaque  reneetor  during  growth.  Oaorgla 
fe^  uhotographa  for  Burst  to  -^3  aaeonda  ahow  good  ayaatiy. 
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7.  OUw 

Ihttlaa  gRHrtJi  tin  vu  ma  ■—llwr  tbm  Mnort^a  aU^t  imrguf  zMt  zaUna  ina  oitaami 
at  lodkiir  one  8aa  SUa.  tlatlar  to  Beotr#  tta  tzaeaa.  fbr  tott  altaa  aza  cImbv  *a»r*"tr 

irttli  ao  atapa,  and  no  zaplA  Initial  Jopplar  dacagr  oozxaapoaSliig  to  iluek  gzD«t3t.  v—y  aliifrti 
auoaatlon  of  apoetzal  InoaSanlag  alioira  In  tbiSi  Boi^ar  zacozt«  fZw  410  upfar  alda..  Hi  aza  ooad|« 
Into  altltuOao  vliaza  ttw  eloul  la  not  oi«gaa.  Diotogzaibii  diov  good  ayawtzy,  but  glza 
tloo  of  nm  unlfoa  danaltgr. 

6.  Batqr 

9m  aiffleidtgr  In  azaotlng  zaat  altaa  la  eo^oimlad  In  Batay  vbaza  Intazfazneo  fZoai  noiaa, 
aa  vail  aa  dlffezancaa  In  aanaltlal^  at  tba  tao  altaa,  zalaaa  uaeaztalntgr  aa  to  lAtza  tbm  zata 
giovtb  cuzTa  UoOf  9m  Ztl  dlffazanea  In  zaat  aim  InSleatad  In  tba  <dMrt  aajr  not  ba  naanlncftal* 
Ozavtb  zata  for  Batay  la  aaaantlaUy  aaootb,  with  a  aezy  alltftt  atap  at  San  Blaa  at  appowadnataiy 
■fl  aaoond.  9m  yezy  proalnant  apaetzal  bzoadening  la  evident  eopaclaUy  In  tba  (elaaoaz)  Buekar 
zacozd,  vltb  aa  tipper  Doppler  eoaponant.  9m  cloud  at  thla  altitude  bafflna  to  be  tzanapazant 
fZoa  the  atart.  9m  apaetzal  bzoadenlag  appeara  to  pazalat  lonoer  than  did  Azlana,  and  altboutfi 
it  aay  Initially  azlaa  fZoM  lonlalng  ataoek  antra  growth.  It  auat  In  part  ba  a  zeault  of  aeattazw 
lag  la  tba  elnad. 

9«  Jaamtla 

Boat  Invar  zadlua  vma  nearly  eqoal  for  both  altaa.  9m  Bonogzaaa  aza  aazhad  by  aevazal 
paeuUarltlaa.  Stappad  growth  vaa  aade  fairly  evident  fZoai  the  baznonlea  ganazntad  In  tba  San 
Blaa  zaooxdlnga)  no  hamoalea  appaarad  la  tba  Buekar  recording  and  only  tba  one  atap  vna  dlaeazn- 
eible  tbeza.  9Mm  la  ao  atrong  apaetzal  epraad  in  tbla  zalaaaa,  but  a  atrong  conrazgent  dotdila 
tzaea  appeara  at  burat  in  the  Buekar  record.  9ila  nay  ba  lonlalng  abock  growth,  aa  It  rapidly 
dacaya;  botravar  tba  abaanca  of  apread  atiggeata  aoza  that  the  Initial  cloud  was  confined 

Into  two,  probaUy.oppoalta  dlreetlona.  A  aacond  peculiar  affect  la  the  ovaraboot  at  near  0.6 
aaoonla,  aaan  only  at  Buekar.  A  look  at  the  second  taamonlc  would  help  to  datamlna 
the  ovaraboot  la  real,  eorreapondlng  to  shrinkage  of  the  cloud,  or  la  spaetral  broadening  due  to 
signal  overloading.  Bo  cloud  ptaotograpba  are  available  at  this  writing. 

ID.  ^ 

9m  lazgsr  rest  alia  la  possibly  a  result  of  altitude.  Both  Buekar  and  San  Blu  thaw 
naarly  equal  radii.  A  minbagof  peculiaritlaa  iQpear  In  tbeaa  records,  aa  In  Jaannla, 
the  orerahoot  at  •*’.6  aaconds,  steps,  and  spaetral  broadening.  Stwps  are  especially  notlcad  in 
the  haznonies^  as  wall  as  a  peculiar  sat  of  oaelUatlona  in  the  aacond  bazaonle  at  Buekar  near 
•fl  second.  (hazMonles  Miltiply  aMpUtudaa  of  frequency  davlatlois).  Spaetral  apread  at  buzat  la 
aoza  than  fbr  any  of  the  lover  altitude  releases.  At  burst,  notd>ly  on  the  San  Bias  zaeozd,  tha 
sonogr^ph  zaeord  has  the  igpearance  of  Arlene  (ahoek  growth).  It  would  appear  that  «»■«■ 
pharoMoa  auparlivosas  on  the  nonal  easliaa  growth  to  give  tha  paenliar  "zavazaad  alopa'  of  tha 
growth  curve,  and  that  by  reaorlng  this  ''Bho'ek”Brovtb  tha  burst  portion  of  ttia  raeozd  would 
appear  noza  like  Betsy}  Doppler  spread  la  still  In  tha  zaeozd.  of  the  cloud  la  evident 

not  only  In  the  ovezahoot,  but  In  also  a  slight  droop  of  the  second  baiaonie  curve  In  tha  b  x 
plot  at  +3  asconda  (this  plot  Is  not  Included  in  the  figures).  nay  be  a  Istaot  affSet  of 
■odulatlon  of  cloud  gzowth  by  rsbdundlng  ahockueves,  which  contribute  also  to  tba  stops,  (lao. 

Tech  pbotogzagba  ahow  tha  cloud  aa  a  quite  spMMtrlcal  donut. 


11.  Bum B 

XMt  ains  a«a  aModar  a«^  ab  both  «ltaa.  Xdttla  can  ba  tmi  fMI  tM  Ml  MiolMI  |htA  Jh 
▼ozy  ooiay.  fiwra  la  oo  zoal  anrlAnea  at  atappad  gmwth,  aalthar  la  tfeiM  avUiaMia  of  •  a||lif 
decagr  abo«k  fiEoub.  Xu  aangr  zaapaeta  thia  vaeoiA  la  alallar  to  May  (ttlTa«  l.a.,  iMak  lir^ 
tu^Mtlon  aib  zaiaaaa,  iwaoMd  olBlaal.  Bio  fzaat  aiffanaBO  la  tha  agnaaMaaa  of  vtfUr  mtU 
loaar  apaetzal  brnaflanlng.  aoaa  aaeooda  aftar  bunt.  rraaiMlIilj  ttla  arloaA  fMa  lasMasiak 

tranapazancy  of  tba  elool  duriiig  8zowtti«  aa  It  la  qnlta  aaak. 

12.  Buthar 

Itaa  dtffaianee  Ih  zaat  alaa  oaaouxaA  at  Iha  tao  altao  la  aliiftb.  fha  acaoijnM  tUou  lhaaa 
altaa  axa,  taovwrer,  dlffazant  la  aaazly  aU  napaeta,  Bta  abaaaea  of  aloKleaBlb  qpaotial  bnai. 
enlag  at  Ruelior  oltfit  ba  attributed  to  a  vaak  algnal/  ahldi  anat  ba  m  affaet  of  a  ntty  ob.. 
•yoaetrleal  cloud  aa  arldaneed  la  tha  photographa.  A  Sopplar  "ofaxaboot*  alao  ooernra  at  SuOarj 
but  aot  at  Baa  KLaa.  The  flan  Blaa  trace  la  atappad*  aad  alao  baa  a  fladllar  "ahodk*  daeay 
trace  at  burat,  vlth  iv  aad  doua  OoppLar  ahlfts.  Bia  cloud  la  razy  trnopazwt  fZoai  tha  atart. 

It  la  of  Isbaraat  to  aoba  that  tha  upper  and  loaar  "bzoadaaad"  traces  ccBraroa  at  a  fragbaney 
offset  od  tha  low  aide  from  sazo  Doppler  or  rest.  Bila  say  ba  a  zaanlt  of  cloud  djij— I  ij 

13.  Dolly 

She  aaarly  2:1  gzaatar  rast  slsa  at  8aa  DHaa  Inaicatee  a  iinii  ajMsti  liial  zalaaaai  thla  la 
also  in  arldenea  on  Olao.  Sech  photos,  bub  orlaBbatloa  la  not  earbaln  on  tbaaa.  She  8.B.  zacozd 
for  Dolly  la  in  all  zaapaeta  vazy  alnllar  to  Buthy,  steps,  spectral  spread.  Shock,  ate. 

She  Rucker  record  displays  eoBsldezable  uppax*  Doppler  apzaad  aa  sail  as  Btpppad  groab)^  and  ' 
clearly  sbom  a  Doppler  "amrtboat"  as  did  Ruthy  at  Rucker.  Share  la  srldanea  alao  of  oselUa- 
tlona  at  ■•■I  second  alallar  to  .those  seen  on  Aiy,  alao  at  Rucker.' 
li».  Oerba 

She  rest  alaa  of  the  Oerta  cloud  la  baaed  only  on  the  up  aad  doanaard  apraad  trace.  Sbls 
hl(h  altitude  rdease  la  unique  in  the  entzum  brood  apectral  broadanlag  that  aecoopanlaa.  Shsz9 
is  no  stepped  growth  apparent. '  Mrt  of  the  dlfferenee  In  upper  and  loaar  spectral  broadanlag  la 
possibly  due  to  atuosphsrie  gradient;  boaerer  It  la  probdhly  that  a  good  portion  la  das  to  tha 
United  recelTer  bandwidth.  She  San  BUa  sanogzaa  shows  a  down  Doppler  "scatter”  covenant  of 
lower  littenslty,i  but  synaatrleal  to  the  upper  coqpawnb.  Shla  la  beUered  the  dioek  expansion, 
though  not  necessarily.  A  aore  flzn  descretetxaee  within  would  nost  likely  be  tha  — 
eeslw  cloud.  She  snail  rest  alas  lb  a  reralt  of  our  IwiblUty  to  Inbegzate  ttaaa  growth  eurvaa 
outside  recelwer  bandwidth.  She  spectruss  at  8B  aad  Rucker  are  quite  sinllar  la  appaeraaee.  Mo 
photo^aphs. 
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T^e  1.  Category  ot  obserred  phenoMoa  on  •peetzognM 

As  Table  I  abova  the  spectrograph  structure  becomes  much  more  complex  aa  the  ahots  Increaae  la 
altltvde.  A  poaalble  reason  lies  la  hl^r  rates  of  expansion  at  higher  altitudes  glrlng  rise 
to  less  dense  clouds. 

The  growth  curves  (71g.  4a,b,c)  show  the  altitude  effect  on  rest  slee.  These  eurres  are 
derived  by  graphically  Integrating  the  anxlmim  Dopier  Shifts  of  the  spectrograas.  Orowths 
were  labelled  In  terms  of  down  and  up  growth.  (This  is  a  misnomer  for  Bucher  data  -  where 
growth  curves  are  along  the  30  degree  elevation  angle.)  If  the  releases  were  truly  spherical 
In  shape  then  growths  In  both  directions  would  be  equal.  But  the  spectrogreas  Indicate  that^ 
at  least  fOr  the  electxon>ion  cloud,  exactly  spherical  growth  does  not  occur.  The  only 
pattern  set  up  by  the  growth  curves  is  altitude  dependence,  shown  in  Big. 

From  sec.  II,  part  B  it  Is  expected  that  the  spectral  distribution  of  Doppler  shift  energy, 
between  the  two  extremes  of  shift  frequency  would  be,  for  a  particular  tune  and  assvmhlng  spher¬ 
ical  shape,  a  square-well  function.  Amplitude  response  sections  of  the  spectrogram  for  Oerta 
are  given  In  Fig.  6,  shoving  relative  amplitude  versus  frequency.  These  Indicate  a  pradomiaant 
direction  for  gas  transport  at  release,  l.e..  It  Is  not  a  spherically  unlfom  grcwtb.  A  full 
analysis  of  this  exaaqile  is  not  yet  completed;  however,  it  appears  from  the  Ban.nas  record  that 
little  growth  occurred  In  the  horizontal  direction  (zero  Doppler  Aift  data).  AapUtude  eantlnsm 
of  any  spaetrogram  that  mppear  to  have  infomatloa  In  them  are  being  made  but  um  mot  flalshad 
In  time  for  pi^leation  of  thla  report. 
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V.  BOMMOr 


It  is  conjectured  that 

1.  Shock  vave  ionization  la  detected  in  releaaea  at  altitudea  of  Bete;  (lOB  kn)  and  hboTa^ 
day  or  ni^t. 

2.  Stepped  growth  is  caused  hy  nultiple  reflections  of  shock  wraa,  and  is  ohsemd  ohly 
when  shock  vatves  are  detected. 

3.  Tor  nost  releases,  especially  above  106  km  (Olive)  the  cloud  ie  transparait  or  Mai- 
transparent  as  evidenced  by  Doppler  shifts  in  both  directions. 

A.  Cloud  growths  are  generally  unsyasstrical  with  no  preferred  dlrsetlon  of  growth. 


EXPERIMJSNTAL  and  theoretical  results  ^  ELECTRON  CIR>!lD 
GROWTH  0-10  SECONDS  AFTER  RELEASE 

John  F.  PAttlaon 

H*«dquy.rt«ra.  Air  Forca  Cambrldfa  Raaaarch  LabOi  itoHaa. 

Air  Forca  Raaaarch  Diviaioa  (AROCt,  Gaiq^yaica  RaaaaiN^ 

Ol^ractorata,  L.G.  Haaacom  Field,  Bedford  Maaaachaaatia 

ABSTRACT 

Two  image  orthicon  televiaion  aystema  located  at  Site  A-10  on  Santa  Roaa  lalaad, 

80  to  150  km  from  the  releaae  point,  were  need  to  obtain  phbtographa  of  the  chemical  reiaaaea. 
Meaauremcnta  taken  from  theae  photographa  have  given  data  on  name  of  the  early  time  low 
intenaity  viaible  phenomena  accompanying  point  electron  clond  reiaaaea.  Cloud  diamatera  no 
obtained  have  been  compared  with  thoae  obtained  by  other  techniquea,  including  conventional 
photography  and  Doppler  ahlft,  and  with  the  reaulta  of  the  1959  Firefly  aerlea.  The  reaulta 
have  alno  been  compared  with  aomc  theoretical  predlctiona  on  the  detonation  of  a  npherlcai 
charge  of  TNT,. 

1,  INTRODUCTION 

The  obaervationi  diacuaaed  in  thia  report  were  made  with  two  image  orthicon 

television  systems,  located  at  Site  A-10  on  Santa  Rosa  Island  and  operated  by  personnel  of 

Wright  Air  Development  Division.  The  systems  used  either  a  General  Electric  Z5294  image. 

orthicon  tube,  sensitive  in  the  3500  to  6000 ^spectral  region,  or  a  Z5395  tube,  sensitive  in 
o 

the  6000  to  10,  000  A  region.  The  viewing  lens  was  a  150  mm  f  0.75.  The  video  signals  were 
displayed  on  television  monitors  and  photographed  on  16  mm  film  at  24  frames  per  second 
and  on  35  mm  film  at  20  frames  per  second.  Appropriate  spectral  filters  could  be  ntianually 
inserted  in  the  optics  system.  A  progressive  neutral  density  scale  and  associated  optics  were 
used  to  produce  images  of  progressive  brightness  levels  on  the  monitors  and  the  photographic 
record.  Time  was  recorded  on  the  film  either  as  a  clock  image  or  by  a  timing  signal. 

2.  RESULTS 

Table  I  is  a  summary  of  the  measured  cloud  diameters  as  a  fintetion  of  time.  In 
several  instances,  diffuse  radially  growing  waves  appeared,  in  addition  to  the  central 
chemical  cloud;  an  example  of  this  phenomenon  is  shown  in  Figure  1,  Such  waves  grew 
rapidly  e.  g.  1-2  km/sec.  radially,  and  usually  disappeared  within  10  secs,  after  the 
release.  Their  appearance  suggests  that  they  are  analogous  to  those  observed  during  the 
1959  Firefly  releases  and  designated  "shock  waves"  in  the  Report  on  Project  Firefly  1959. 
However,  their  growth  rates  are  appreciably  smaller  and  in  fact  agree  naore  el«sely  with 


gjro«rtii  nit«a  of  wlwt  wore  callod  "partlclo  waves'*  In  the  1959  series.  Of  severs! 
ei^isastlaiie  put  forth  to  rstiooslise  these  observetiohs,  the  most  attrsctl'dre  is'ss  f6llo(tirii< 

The  TV  equipment  used  in  the  1959  series  of  relesees  was  located  at  BitoKi,  Mississippi, 
i.  e. ,  to  the  west  of  the  burst,  and  therefore  on  what  may  be  called  a  forward  scatter  path 
for  dawn  releases.  During  the  1960  scries,  the  TV  equipment  was  located  at  Site  A>10,  i.  e. 
roughly  north  of  the  burst,  and  therefore  on  a  side  scatter  path  for  either  dawn  or  dusk 
releases.  Examination  of  approximately  simultaneous  photographs  taken  using  conventional 
techniques  has  shown  that  the  radially  growing  waves  are  more  persistent  and  produce  denser 
Images  when  photographed  from  sites  on  the  forward  scatter  path  compared  with  side 
scatter  paths. 

The  observation  of  an  anisotropic  light  intensity  distribution  suggests  light 
scattering  by  small  particles.  A  possible  explanation  of  the  greater  wave  velocities 
observed  during  the  1959  series  of  releases  compared  with  the  1960  series  is,  then,  that 
detection  of  particles  at  greater  radial  distances  for  a  given  time  after  release,  i.  e. , 
corresponding  to  higher  radial  velocities  (but  lower  particle  number  densities),  would  be 
favored  at  forward  scatter  sites.  Another  point  of  interest  to  this  dliscusslon  is  that  the 
observations  of  radial  waves  in  the  1959  series  were  made  with  the  use  of  the  relatively 
more  sensitive  Z5296.  linage  ortbicon  tube,  whereas  the  less  sensitive  Z5395  tube  was  used 
in  observing  most  of  the  1960  releases. 

Particle  waves  were  detected  in  two  night  releases,  Amy  and  Betsy,  with  the  aid 
of  the  TV  cameras,  Although  scattered  sunlight  may  have  been  responsible  for  their 
observation  in  Betsy,  where  the  burst  was  about  15  km  below  the  solar  horixon,  the  only 
explanations  for  their  observation  in  Amy  are  that  they  were  lighted  by  the  radiation  from 
the  burst  or  that  the  particles  were  hot  enough  to  be  self  luminous  for  a  fraction  of  a  second. 
It  is  interesting  that  the  observed  wave  lifetime  and  growth  rate  were  considerably  less 
those  observed  in  sunlit  releases  in  the  same  altitude  region.  (See  Figure  2) 

Examination  of  several  photographs  taken  with  cither  TV  or  conventioiial  »r«vthffdf 
has  shown  that  the  particle  wave  does  not  always  dissipate  at  later  times,  1,  e. ,  beyond  20 
secs. ,  but,  after  losing  most  of  its  radial  velocity,  becomes  the  white  "smokepuff"  which 
appeared  very  clearly  to  the  eye  and  on  the  K -24  photos  as  an  entity  distinct  from  the 
sodium-cesium  gas  cloud.  This  phenommof!  was  perticolarly  evident  in  the  low  altitude 
releases,  e.g. ,  Margie,  Marie,  and  Lola,  but  was  aUo  visible  la  Peggy. 


1118 


Dctwatlon  of  *  bitb  oxploalvo  packago  onch  ••  conatitatoa  a  point  alkctfoi  clpnd 
(PEC)  relcaao  producea  roughly  400  motea  of  gaaaa  and  100  molaa  of  aoUda.  Tho  rapidly 
*]Q>anding  tall  of  gaa  will  acOekeratc  tha  aollda  by  aerodynamic  drag.  BOcauae  of  low 
ambient  preaaurea  and  the  large  maaa  of  the  Individual  partlclea  compared  wltii  that  of  the 
ambient  air  moleculea,  the  aolid  partlclea  will  decelerate  only  alowly,  aa  haa  been  obaerved. 
Conventional  explanatlona^  of  acceleration  of  aolid  partlclea  in  linear  ahock  tubea  atate  that 
the  gaa  through  which  the  ahock  haa  paaaed  and  which  ia  moving  at  hig^  velocity  cauaea  the 
initial  acceleration  of  the  aollda.  Subaequently  the  aollda  are  overtaken  by  the  contact 
aurface  and  the  expanding  driver  gaa,  which  ia  moving  at  roughly  the  aame  velocity  aa  the 
perturbed  gaa  between  the  ahock  wave  and  the  contact  aurface,  and  experience  additional 
acceleration.  In  the  experimental  aituation  of  intereat  in  Project  Firefly,  the  aollda 
produced  in  the  detonation  reaction  lie,  at  the  Inatant  of  caniater  rupture,  within  die  volume 
whoae  envelope  la  the  ahock  wave.  At  timea  aa  abort  aa  thoae  correapondlng  to  rupture, 
the  ahock  wave  and  contact  aurface  are  indiatinguiahable;  at  later  timea  the  radlua  of  the 
ahock  aiwaya  exceeda  that  of  the  contact  aurface.  At  the  time  of  caniater  rupture,  then,  all 
aollda,  except  thoae  conatituting  the  caniater  itaelf,  lie  inalde  the  contact  aurface,  and 
aubaequent  acceleration  of  the  aollda  can  be  due  only  to  motion  of  the  gaaea  produced  in  the 
detonation.  The  aollda  will  of  courae  retain  their  velocitlea  to  larger  radial  dlatancea  than 
will  the  gaaea. 

Data  obtained  by  Stanford  Unlveralty  peraonnel  uaing  a  Doppler  ahift  technique  have 
given  aize  va  time  meaaurementa  for  timea  leaa  than  2  aeca.  after  releaae.  Figure  3  ahowa 
a  plot  combining  Doppler  data,  calculated  ahock  wave  and  contact  aurface  data  (aee  below), 
and  TV  data  for  Firefly  Jeannie.  It  appeara,  on  the  baaia  of  thia  and  almllar  grapha  for 
other  releaaea,  that  the  Doppler  ahift  technique  givea  a  meaaure  of  cloud  alM  comparable 
with  that  obtained  by  the  TV  camera  at  early  timea. 

Brode^  haa  carried  out  calculationa  mi  the  blaat  wave  from  a  apherical  charge  of 
TNT,  without  reliance  on  empirical  valuea  derived  from  exploaioo  meaaurementa.  The  only 
data  pertinent  to  the  actual  chemical  releaae  which  are  neceaaary  for  calculating  ahock  wave 
and  contact  aurface  radii  from  Brode'a  reaulta  are  the  energy  of  the  releaae  detonation, 

1.  See  for  example  AVCO  Technical  Memorandum  RAD-2>TM-57>7 

2.  H.L.  Brode,  Phyaica  of  Fluldo  £  217(1959) 
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Maarinnim  diani«t4r  vcrsua  tine 
PayrticU  wave  (TV) 


Fig.  2  Obaerved  diametera  o£  particle  wavea.  Altitudea 
Altitudea  (km)  in  pareatbeaea 
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ambient  pnasore  and  aouic  velocity  at  the  attitude  coaaidered,  ahd  tinM  alter  reldaae. 
The  corvee  shown  in  Figure  4,  taken  directly  from  Brode’s  paper,  permit  calcnlallaB  ei^ 
shock  wave  and  contact  surface  radii.  The  following  definitions  apfdy: 


T  * 

oc 


R=  Aot 

where  t  »  time  after  the  explosion,  =  sonic  velocity  In  the  ambient,  CO  =  energy  of  the 
explosion,  =  ambient  pressure,  and  R  -  ra^us.  Figure  5  shows  the  results  calculated 
from  Brode's  curves  and  those  obtained  from  Doppler  shift  data.  The  energy  used  was  that 
of  the  high  explosive  component  i.  c. ,  RDX.  The  times  used  were  those  at  vdilch  the  Doppler 
shift  data  indicated  no  farther  increase  in  sice.  Except  for  Firefly  Arlene,  a  high  explosive 
release,  these  times  were  between  about  0.  S  and  1. 6  secs.  In  order  to  have  a  clearly 
defined  value  for  the  time,  a  particular  set  of  Doppler  results  was  chosen;  this  set  was  the 
downward  growth  rates  measured  by  the  instrument  at  Rucker  and  was  chbaen  simply  because 
it  was  the  most  complete  set  and  appeared  to  be  the  most  reliable. 

Although  the  experimental  values  are  not  duplicated  by  those  calculated,  the 
similarity  in  the  curves  is  clear.  However,  agreement  can  hardly  be  expected,  since  the 
r.  f,  Doppler  carrier  signal  is  reflected,  not  from  the  shock  wave,  vdiicb  at  the  radii  of 
interest  cannot  thermally  ioolxe  the  molecules  of  the  ambient,  but  from  regions  of  high 
electron  density  most  probably  produced  in  the  detonation  reactions.  The  fact  that  the 
radii  obtained  by  Doppler  shift  measurements  lie,  on  the  average,  within  Z5  percent  of  the 
calculated  shock  wave  radii  is  then  difficult  to  explain.  Photoionixation  of  the  ambient  by 
black  body  radiation  from  the  detenatioa  has  been  suggested.  A  noore  attractive  hypothesis 
is  implied  by  Brode's  results,  in  which  the  temperature  is  seen  to  increase  along  the  radial 
distance  from  the  shock  to  the  contact  surface.  Itefortunately,  these  temperature  caleula* 
tions  have  not  been  carried  out  to  times  and  radii  great  enough  for  direct  application  to  the 
present  data.  However,  extrapolation  of  the  curves  to  such  times  and  radii  suggests  that 
temperatures  in  this  region  may  still  be  several  times  those  in  the  ambient.  A  third 
suggestion  is  that  electrons  produced  in  the  detonation  may  diffuse  to  the  radii  of  interest. 
Preliminary  calculations  on  such  phsnomnM  are  not  favorable  to  this  hypothesis.  It  is 
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iinportaat  Ui  rvcatl  that  atudica^  of  the  detonation  of  various  PEC  package  con^ottiofta 
have  shown  that,  although  peak  temperatures  from  a  pure  high  ej^lbslve  are  greater  than 
from  those  packages  containing  admixed  alkali  nitrate,  the  time  at  udiich  the  peak  Ofccurs 
increases  with  increasing  percentage  of  alkali  nitrate.  The  almost  exact  agreement  between 
the  measured  radius  and  that  calculated  for  .the  contact  surface  for  Firefly  Arlene  is 
particularly  interesthig,  since  only  for  such  a  true  high  explosive  release,  in  which  the 
energy  of  the  release  detonation  is  known,  can  Brode's  results  be  expected  to  apply  with 
accuracy. 

3.  CONCLUSIONS 

The  results  of  this  paper  suggest  that  point  electron  cloud  diameter^  at  times 
less  than  2  secs,  alter  release,  can  be  predicted  to  within  a  factor  of  about  2  by  the  use  of 
theoretical  results.  A  mechanism  for  the  acceleration  of  minute  solid  particles  to  high 
velocities  has  been  proposed,  and  it  is  suggested  that  these  particles  are  responsible  for 
the  rapidly  growing  radial  waves  observed  in  several  PEC  releases.  Analysis  of  the 
deceleration  rates  of  these  particles  may  provide  data  on  particle  size,  although  preliminary 
calculations  have  shown  that  the  decreasing  particle  number  density  must  be  taken  into 
account.  The  question  of  visible  shock  waves  in  PEC  and  high  explosive  relenses  has  been 
thoroughly  discussed  by  Edwards^  in  reporting  on  studies  made  by  Young  and  McDowell  at 
Georgia  Tech.  Although  one  or  more  shock  waves  are  certainly  produced,  these  studies 
have  shown  that  they  would  not  be  observable  with  the  equipment  used.  The  observation  of 
different  radial  growth  rates,  lifetimes,  and  densities  from  different  sites,  then,  has  led  to 
the  conclusion  that  the  waves  are  composed  of  minute  solid  particles.  The  mechanism  of 
production  of  such  particles  remains  uncertain,  although  the  production  of  aluminum  oxide 
in  the  detonation  is  a  possible  explanation. 

Because  of  the  relatively  small  dynamic  range  of  the  TV  equipment,  total  light 
output  from  a  cloud  is  probably  best  calculated  from  films  made  with  conventional  photo¬ 
graphic  techniques  rather  than  with  the  TV  equipment.  The  small  dynamic  range  of  the  TV 
equipment  leads  to  another  problem:  the  insertion  of  spectral  filters  in  the  optical  path 
produced  an  effect  like  that  of  a  neutral  density  filter,  since  the  equipment  operators  had 
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tittiii  to  adjHit  gali  wd  toilttoii  ccbtroto  durtaf  dM  few  a«fcaiild>  toai  filtorfe 
iiirttn  in  ptaea. 

It  ie  iuggaatad  that,  In  tha  avmit  of  Intora  uppar  atntoaphera  ehamical  ralaasa 
ilQwrtinants,  thara  ba  at  laaat  two  sttao  uaad  tor  tha  TV  aqulpmant  and  that  one  of  thasa 
sltaa  11a  on  tha  forward  acattar  path.  Unlaas  burst  can  ba  pradictad  with  great  accuracy, 
it  would  ba  dasirabla  aithar  to  use  a  wide  angle  Ians  or  to  locate  the  equlpnient  at  a  distance 
from  tha  burst  greater  than  that  in  the  1960  aeries  of  releases  so  that  tha  avants  of  the  first 
few  seconds  following  ralaasa  will  be  recorded,  if  sufficient  TV  units  are  available,  tha 
use  of  ana  as  a  grating  spectrograph  would  also  ba  dasirabla. 
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Chanplont  If  1  could  atavt  with  what  mi^t  ba  aald  to  ba  a  proTooatlaa 

quaatlon*  1  would  Ilka  to  aak  Dr*  Holt  If  ba  oouid  answar  thla  oaa* 
His  photogriqihs  of  the  various  cloud  bursts  show  som  with  a  larga 
dlaaMtar  on  the  first  frana  which  then  appear  to  shrink  with  tlaa. 
1  would  Ilka  to  aak  hia  wbathar  ha  baliavas  that  tha  actual  oloud 
does  this  or  whathar  tha  initial  sisa  nay  ba  dua  to  halation  of 
tha  film. 

Holt:  We  triad*  of  course*  to  datarnlna  whether  the  initial  frana  was 

balatad  or  not*  All  of  tha  file  was  provided  with  anti-halation 
backing*  and  it  is  a  little  doubtful  (slnoa  the  dansltlas  wa  ob¬ 
tained  ware  not  treaendously  great)  that  there  was  halation  on  tha 
flln.  However*  it  Is  oonoaivabla  that  there  night  have  bean  suf- 
flolant  brightness  at  the  vexy  oanter  of  tha  burst  to  produce 
sort  of  a  halo  in  the  atmosphere*  similar  to  tha  halo  one  sonatlma 
sees  around  the  noon*  This  oouid  have  meant  that  as  soon  as  tho 
initial  very*  vary  bright  burst  was  over*  tbmra  would  ba  insuf- 
fioiant  Intensity  to  oontinua  producing  this*  Wa  made  soma  va.>*y 
high  speed  photomultiplier  maasuraments  that  showed  that  tha 
Initial  vej?y  intense  flash  was  in  general  lass  than  50  mllllsaoonds 
long*  so  that  this  would  substantiate  this  thought* 

Champion:  Yes*  I  oartainly  agree  with  that*  I  think  tha  initial  flash  la 

very  brief  In  duration  and  astramely  Intense*  Anyone  else  hare 
want  to  have  a  oemmant  on  thatT  Dr*  Awards* 

Bdwards:  Wa  agree  on  the  halation  problem*  I  think  In  one  ease*  I  baliava 

It  is  Lola*  wa  did  have  a  tremendous  slsa  at  tha  baginnlag  on  tha 
first  frame  and  X  think  that  may  ba  dua  to  halation*  Wa  did  met 


livatt 


Bolt! 


Roienb«rgi 

Rolti 

Recmbtrgt 


Bunctt 


Ros«nb«rgi 


taaiM  the  liaUtlon  bMklag.aa  our  film*  but  v»  f«0Md  ,to  got  tho 
oiiM  klad  of  aatorial,  tho  rlagf  tho  portlolo  wovoi  that  i>r*  Bb|t 
■howod  on  hla  pleturoo* 

Obo  could  introduce  •  wodgo  or  otop-doim  uodgo  oo  jou  got  two 
laogoo  OB  ooM  of  thoso  caaoroii  ob  that  pou  got  one  ovarojq|K>ao4» 
tho  ono  that  wOuldn*t  ovoroxpOao  would  than  bo  of  bottor  aaghltUdo 
for  tho  flla. 

Bp  tho  socond  or  third  frano  lan't  It  tho  caso.  Dr*  Holt*  that  pen 
waro  at  a  donoltp  which  could  not  cauoo  halation*  thoroforo  If  pou 
dropped  tho  flrot  from  fren  pour  alee  oonoldoratlon*  pou  otlll 
have  aom  ratbar  high  TOlocltlaa  to  handlot 

Thia  la  proolaolp  rij^t.  On  Suaan*  tho  alidoa  that  1  ahowod  thla 
■oming*  althouc^  thep  do  ahow  an  ononaoua  flrat  from*  ahow  a 
aooond*  third*  fourth  from  growth  which  la  trmondoualp  foot* 

And*  not  a  halation  booauao  of  tho  low  donaitpf 

It  can't  bo  halation  booauao  thla  flln  la  a  long  wap  froai  bolng 

oaturatod. 

Tho  detonation  volocltp  as  glren  bp  Dr.  Plahor  this  Homing  of 
7  kllooMtora  per  aooond  la  in  rather  good  agroemnt  with  tho 
Initial  Doppler  data  of  Mr.  Barnes.  Will  you  oonunent  on  tbatt 
Tho  ▼olooltlos  that  wo  got  at  a  tenth  of  a  socond  wore  tpploallp 
6  1/2*  6*  and  9  kllooMtoro/ooooad*  Z  boUore  tho  highest  was 
13  kllonotors/sooond*  There  wore  a  couple  at  about  3  1/2 
kllonotors/sooond  also. 

AgrooBMnt  with  photographic  data  was  than  cortainlp  within  a  factor 
of  2  and  In  soToral  oasoa  olooor  than  that.  Zt  would  appear  that 
the  Initial  growth  of  tho  natorlal  la  continuing  with  the  detona¬ 
tion  Tolooltp  In  the  oolid*  which  Is  perhaps  not  unoiqpootod* 

Could  Z  ask  Dr*  Bamos  a  quostlont  On  apst  of  thoao  results  tho 
upward  growth  soomd  to  bo  noro  rapid  than  the  downward  growth* 
which  Is  ocnslotont  with  noot  of  tho  optical  datai  howowor*  on 
sono  of  tho  Shota  Including  Ruthlo  and  Dollp  the  cloud  saosM  to 
grow  noro  rapidlp  downward  than  upward.  Waa  this  bocauso  of  the 
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■njjle  ttiat  you  w«jp«  looking  at  It  or  was  aoMO  d^ai>  #aiad|nt 

i  don't  know  whloh  alto  you  art  speaking  of  In  partloniaPf  but  It 
ia  poaalble  that  on  Manuring  auudania  velooity  we  am  lOokliM  it  a 
portion  of  the  oloud  of  greater  denal^  than  the  pbotegn^hie  edge 
and,  we  are  reading  a  velooity  oonponent  other  than  thd  jawliniii, 
toward  velooltyf  however*  I  would  tend  to  say  that  b*Banao  of  thi, 
sharpness  of  the  edges*  we  are  probably  madlng  olose  tO  tbe  iln>l> 
puM  tg>per  growth  velocity. 

I  would  like  to  make  a  oomsent  on  tbe  oonparison  between  shook 
waves  and  particle  waves.  Ihe  question  that  was  asked  last  year 
was  whether  aome  of  these  waves  were  shook  waves  or  were  particle 
waves.  There  is  a  major  difference  between  the  two  t]^es  of 
waves.  Tbe  shock  waves  as  they  expand  increase  in  am*  ■■  the 
radius  of  the  sphere  squared*  as  a  result  of  which  is  engulfed 
more  and  more  air  as  the  wave  goes  out.  While  air  is  tenuous  at 
these  higd  altitudes  many  tons  of  air  are  engulfed  as  the  shock 
wave  expands.  At  1  kilometer  radius  at  120  kilometers  of  alti¬ 
tude  you  have  engulfed  about  1|.0  kilograms  Of  a  ir*  comparable  to 
the  welj^t  of  the  high  explosives.  But  at  2  kilcoeters*  the  ■ 
amount  Is  320  kilograms*  at  if  kilometers  it  is  2  tons*  and  at 
8  kilometers  it  is  16  tons.  It  is  very  difficult  for  a  shock  to 
continue  to  go  out  and  engulf  this  increasing  amount  of  air  froai 
such  a  small  explosion.  On  tbe  other  band*  the  particles  which 
go  out  have  a  constant  area.  A  large  number  of  little  particles 
expands  to  make  a  large  radius  when  you  look  at  thssi*  but  thslr 
area  remains  tbe  ssm.  I  made  ss\  estimate  that  10  kilograms  of 
Mterlal  can  produce  about  10^^  one  micron  sise  particles.  The 
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area  of  these  particles  is  about  10  square  centimeters*  which  is 
the  same  as  the  surface  area  of  a  30  meter  upbore.  This  is  just 
another  way  of  pointing  out  that  the  particles  can  go  very  large 
distances  without  slowing  down*  while  the  shock  wave  is  slowed 
down  very  strongly  after  it  is  attenuated  as  it  expands  to  largo 
also. 
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I  wdHid  Ilk*  to  asr**  with  Dr.  Klw*l.  W*  hav*  alao  haiii 

worrfliif  about  tb*  prbblaa  of  whatbar  thaa*  witaa  that  aaaii  tb  IP 
out  vary  rividlx  ar*  aolids  or  a  abook  wava*  abd  wf'  oonolttiidi  lb 
that  111*7  ar*  probablj  aollda.  Mora  apaolfioally*  1  bar*  baaor 
lookiag  at  Breda'a  tb*or7  for  th*  aboek  wavaa  produoad  bj  akplb* 
aiob*  (aaob  a*  Dr.  Fatilson  dlaeuaaad)  and  thia  thaorp  baa  baan 
eaieulatad  for  ana  ataoapbar*  praaaur*  and  othar  eonditlooa  on  th* 
creond.  Brod*  atataa  that  hia  tbaory  oan  b*  aoalad  to  othar  oon- 
ditlona  whan  th*  naa*  of  air  aneulfad  la  tan  tlaaa  tb*  aaaa  of 
tba  aaploalT*.  Thia  eondltlon  isn't  quit*  aatlsflad  in  our  olouda* 
0*rtainl7  in  tha  first  faw  aaeonds  it  is  not  aatlsflad*  and  this 
swana  that  to  gat  a  suitabl*  thaorj  for  tb*  shook  wav*  and  tb* 
oontaot  aorfaoas*  Brod* 'a  thaorp  naads  to  ba  raealeulatad  putting 
in  th*  appropriat*  initial  oondltlona  for  tha  hi^  altitud*  burata. 
Va  hop*  to  at  laast  atart  on  this  problam  in  tb*  naxt  faw  aontha. 

I  would  llks  to  find  out  the  souroa  of  tha  radiation  froa  tbasa 
partiol*  wavas. 

Moat  of  tb*  ralaasas  in  which  tb*  particle  wavas  war*  obaar'vad 
war*  sunlit*  although  th*  observers  war*  in  tbs  dartc.  Bowavar*  a 
oalculation  oan  b*  nad*  to  d*terB±aa  the  black  bodf  radiation  froai 
tbasa  partiolas  assusdng  that  they  ware  at  soma  biep  Initial  t*»« 
paratur*.  It  turns  out  that  a  10  nioron  partiol*  will  bav* 
dropped  300^  Kelvin  in  iq>proxiinat*l7  1  aaoond  so  osrtalnlj  anj 
luminosity  soon  at  even  3/10  of  a  second  is  very  bard  to  asorib* 
to  blaok  body  radiation  of  hot  partioles.  Tbere  is  one  shot  In 
partioular  wbloh  we  bavm't  coaq>let*ly  evaluated  yet*  wbiob  la 
most  diffloult  to  explain.  This  is  Dolly*  wbar*  a  vary  intans* 
infrared  ssdssion  of  thia  solid*  wav*  (tb*  wav*  that  goes  out  to 
vary  far  distanoas)  is  observed*  yat  low  intensity  is  found  in  tb* 
visible.  I  baliave  Dr.  Sdwards  will  show  us  sosm  jhotos  of  tbasa 
later.  This  shot  violates  tbs  piotur*  that  th*  sunllpit  must  b* 
tb*  major  msobanlsm  for  producing  radiation*  baoaus*  sunlight 
won't  glvs  Intonaa  infrarod  and  lew  Intensity  visible* 
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X  wondsr  If  this  isn't  sn  opportunity  to  stpdp  uppsr  nt)hhi|ii«Ps 
proosssss  by  sabanolng  ths  sftsrgiioiif  (tht  nlsht  cltMr  or  4iy  gloif) 
by  Moridiig  In  conditions  vhsrs  thsr#  lin't  iny  rsfinetod  iunllilt 
stid  ssslqg  if  you  got  rsdlstlon  tram  tbs  psr.tiolsa  snbitaoing 
rsdlstion  by  entalysls.  I  on  surd  you  nvl  fgM^an  witli^ 

¥otk  by  BOrtook  &  Rosvos  on  plaeing  slstiints  In  tbs  aftsrglblf 
ublob  snbsiiosd  ths  rsdlstlon* 

Wall,  this  wss  sotually  triad*  of  ooursa.  Bsfors  tbs  eobslt  ro- 
Isssa  wa  nsda  s  osloulstlon  of  tbs  snount  of  glow  wa  aspaotad* 

Ths  osloulstlon  sbowsd  that  it  would  probably  ba  Just  bblow  tbs 
sansltirlty  at  wbiob  wa  could  dataot  it*  It  was  ralsssad  and  not 
dataotsd* 

Yas*  tha  answer  to  Dr.  Kivsl's  question  is  ona  of  the  things  that 
I. triad  to  point  out  on  ana  of  ay  slidas.  Wa  plotted  aisa  warsus 
tlm  for  sawaral  shots.  Tbsy  wars  all  dams  shots  sxaapt  Any*  and 
the  slsa  versus  tins  ourvs  for  bay  was  of  ouch  shorter  duration 
and  showed  nuoh  snallar  slope  than  tha  others*  I  think  that  this 
naans  that  ths  solid  partiolas  are  lligbtad  althar  by  light  fron 
tha  burst  or  also  they  are  hot  so  that  at  vary  short  tlans  they  do 
radiate*  Certainly  at  longer  tines  iniat  wa  are  seeing  is  soattarad 
sunli^t.  Va  bsllave  this  partly  baoausa  wa  sea  different  growth 
rates  and  different  particle  lifatinas  fron  different  sites*  Ttaasa 
sites  give  forward  scatter  paths  or  side  soattar  patka  for  sun* 
light*  which  can  account  for  tha  dlffaranoa. 

Returning  to  Dr.  Kivsl's  conoent  about  enhancing  the  air  glow* 
there  has  bean  another  phanoasna  observed  idiiob  hasn't  bean  nan* 
tionad  so  far  today.  Following  certain  high  sxplosivs  ralaasas* 
about  110  to  160  kiloawtars  in  altitude*  a  parsistant  trail  of 
whitish  clouds  have  been  observed*  both  by  tbs  Frsnob  in  the  Sahara 
and  tha  British  in  Australia*  It  bos  bean  suggested  that  ttds  nay 
involve  an  Intaraotlon  between  10  and  atosiio  oxygen* 

Dr*  Edward's  gyssM  pictures  wars  taken  fron  different  sites*.  On 
tha  high  axplosiva  release  pioturas  of  the  hurst  taken  fron  sits 
y  (whieh  was  :'eu|^y  at  ri|S»t  anglas  to  the  line  bstwsan  the  sun 
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Mid  tlM  tonnit)  imgai  tnv  obtained  for  about  2  dr  3 
Wrm  alto  t  (iMloh  waa  on  the  atridi^t  line  path  botdddtt 
8MI  and  the  hunt)  apparent  duration  waa  about  1$  aaeonda* 

IMether  or  not’  aollda  are  doiMt  the  aoatterlng:  X  don't  knOWf  hUt 
i^arent  Intenaltp  rarles  atronglp  with  the  angle* 

PreoeOupatlon  with  theae  high  weloeltj  aollda  la  pertinent  In 
oertaln  other  areaa*  In  the  nlaalle  tralla  we  have  obaerved*  we 
hare  ilidlarlp  dlatlngalahed  between  a  gaa  and  a  aolld*  ThO 
aollda  aotlona  are  again  at  aeweral  kllomatera/aeoond  and  extend 
for  extrene  dlataneea  Into  the  aWblent*  whereaa  the  gaaaa  (aim- 
larly  to  the  gaaea  In  the  ohenloal  releaae  experlaenta)  lerel  out 
at  approzlnately  anblent  preaaure*  depending  upon  the  teagierature 
of  cooling.  Dr.  Bolt*  do  any  of  your  photographa  Indicate  that 
we  hare  to  explain  relooltlea  of  llght-ealttlng  apeclea  graater 
than  6  to  10  kHoantera/aeoond*  whloh  la  our  Initiating  ▼aloolty? 
The  great  najorlty  of  veloeltlea  you  do  need  to  explain  lie  In  thta 
8  to  10  kiloneter/aaeond  range.  There  are  a  few  oaaea  where  the 
else  of  the  initial  flaah  (Miloh  nay  be  due  to  halation  on  the 
flln,  although  we  don't  think  ao*  or  halation  In  the  atnoapbere*  or 
aonethlng  elae)  would  naan  that  we  had  to  aaauae  larger  yelooltlea. 
For  example  *  If  you  alqply  take  the  ploturOa  to  naan  what  they  ahow 
rather  than  trying  to  find  out  what  oould  be  wrong*  you  get  a 
Toloolty  In  exoeaa  of  100  klloaietera/aeoond*  on  at  leaat  two  of 


the  abota* 


Nolnndt  I  waa  aaked  by  Id  Manring  to  explain  an  obaenred  yeloolty  of  $ 
tlnaa  10$  oentlawtera  per  aeoond.  1  aald  perhapo  hydrogen  oould 
ooaw  out  at  thia  weloolty*  beoauae  thia  would  oorreapond  roughly 
to  tha  themal  reloolty  of  hydrogen  at  3000°  Kelvin.  Baa  any 
thou^t  been  given  to  thle  poaalbllltyT 
Chaaplont  That  la  a  queatlon  for  ehealata*  who  wanta  to  rolunteerT 
It  aliiit  be  hydrogen  If  It  la  produoed  In  the  ejq^loalon. 

Nojandt  I  have  another  point  to  thia.  In  the  aolld  propellent  now  uaed  on 
Polarla  Mid  Minute  Man*  whloh  oontalna  alunlnm*  one  fUnetion  of  the 
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•liMtiaBi  ia  to  inoraaat  tha  atailablo  wtvgf,  anothar  la  to  ra- 
dttoa  tha  nolaoular  wai|^t  ot  odailmatloB  prodit>ta  by  xiaduolng  tha 
vaalooa  ooaqpouBds  praaant  to  prodiioa  a  lavga  aanunt  of  Iqrdfoiitt* 
Thla  tan^a  to  inoraitaa  tha  apaoiflo  iaqmiaa.  Too  tttoa  an  alonin* 
laad  aaploalva*  don't  yout  Ih  all  probability  you  gat  a  larga 
aaount  of  hydrogan  ralaaaad  during  tha  ajiploalon.  What  happona  to 
thla  hydroganf 

Iona  of  tha  gaaaona  oonponanta  aaen  to  aaparata  alghlfloantly  fron 
aaoh  other  during  tha  Initial  a^analon*  In  other  worda*  you  haaa 
high  preaaure  gas  of  alxad  ooaqponantat  aodiiai«  oealtUf  and  othara. 
In  moat  oaaaa  wa  hava  very  little  aeparation  of  the  aodlua  with 
weight  20  from  the  oealtiB  with  weight  130.  TheraforOf  It  would  ba 
difficult  to  picture  how  the  hydrogen*  deaplte  ita  higher  apeed* 
could  umlx  from  theae  othara*  Furthexnore,  the  dlataneea  to 
which  we  would  have  to  oarry  It  to  explain  theae  Initial  veloeltiea 
are  far  greater  than  thoae  at  which  the  gaa  cloud  ahould  coan  to 
ambient  preaaure.  In  other  worda*  It  lan't  a  problem  of  a;q;)laln> 
Ing  expanalon  of  1  Idloaieter  in  a  tenth  of  a  aeoond*  but  10  kilo* 
metera  In  one  aecond*  The  final  gaaeoua  produota  ahould  navar 
achieve  more  than  a  kilometer  or  ao  dlametar  In  thla  Initial 
expanalon*  ao  you  would  have  to  find  a  naohanlan  for  aaparatlng 
the  hydrogen  from  the  other  gaaeoua  produota* 

I  wanted  to  aak  Dr*  Bolt  idtether  on  Pranoaa  and  on  Hedy  tha 

orientation  of  theae  oreaoenta  are  knownt 

Yea*  we  do  know  It*  I  don't  recall  offhand  exactly  what  tha 

orientation  la  but  we  can  eaally  look  It  up  for  you* 

la  It  correlated  with  anything  apeeiflcally  that  you  know  off 

I  think  the  orientation  of  thoae  waa  correlated  In  the  dtreotlon 

the  rocket  waa  pointing  at  the  time  that  the  oanlater  waa  ULoim 

apart*  I  think  wa  ahould  dlaouaa  tha  aolar  aoattar  axparlmanta 

further* 

The  flrat  releaae  appeared  to  ahow  growth  along  tha  vahlola  tra¬ 
jectory  and  thla  aada  avarybody  happy  alnoa  it  appaarad  vary 
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iSiHliUP  to  ■ifoilo  tPbll  phonaiint#  Iho  ^eoMt  ihoitd  gvabtll 
rigbt  tnilbo  to  tho  rodnt  trajbbtovp*  Both  rbliaioi  woM  at 
■MW  tim  of  day  so  X  doii*t  thlhk  wa  oan  oxplaltt  thla  by  thi 
dirSotloB  of  tho  suBf  but  it  la  quit*  probabl*  that'  th*  tshiela  li 
tuabilag  as  It  la  ■ovlng  along.  Ita  trajaetosy,  nd  ttea  aathod  df 
opanlng  tho  eanlatar  at  out  and  any  bs  aueh  at  to  eviSt*  a 
oroSoanta  lha  dlraetlon  tha  evaaeant  takas  may  ba  s’iaqply  dua  to 
the  vandoa  notion  of  tha  vahlola.  Wa  hava  aavaral  eaaas  In  whleh 
tha  alaotron  cloud  also  appaaMd  to  bsTo  dlffanant  orlantatlons* 

In  ottaar  words,  tha  a^n  lapartad  to  tha  vahlola  was  lasuffldant 
to  kaap  It  from  tuabllng  during  this  vaeuua  phasa  of  tiia  trajaatory* 
Wa  think  wa  undarstand  how  thasa  solids  ara  ralaasad->lt  Is  a 
llttla  bit  Ilka  squaaslng  a  tube  of  tootbpaSta  or  a  watar  sprayar* 
Dr.  BaTnas  mada  a  atataaant  that  tha  lo^satlon  shown  la  his  wary 
nloa  aaasuraaanta  of  wsloolty  by  Oopplar  methods  was  dua  to  a 
shook  US'*#,  and  in  the  discussion  hara  wa  haws  beard  a  great  deal 
about  parti olaSt  but  nothing  about  shook  produced  Ionisation. 

X  would  Ilka  to  gat  an  eiqplanation  of  tha  aowaaant  of  tha  Ionisa¬ 
tion  peak  out  froa  th*'  center  and  the  aaehanlsn  for  the  Ionisation. 

X  will  leave  it  open  for  the  panel. 

X  believe  that  the  Shook  wave  Is  not  produolng  any  Ionisation,  at 
least  after  very  early  tlass.  There  Is  Just  not  enough  energy  In 
It.  However,  It  may  possibly  be  able  to  assist  in  transportation 
of  soaw  of  tha  ionisation  which  was  produead  at  early  tines  by 
thasuial  or  oh«ad.-lonlBatlon.  I  don't  know  if  anyone  wants  to 
volunteer  a  different  opinion. 

Dr.  Paulson  nada  the  stataaant  that  in  soma  region  in  tha 
spharieal  ahook  pbanosana,  following  the  theory  of  Broda,  there  is 
a  rsgion  having  fairly  high  ta^paratura  soma  distance  behind  the 
shook.  Xf  this  condition  is  maintained  in  a  ooapletaly  spherical 
phcnamana  witt).  the  contact  oantar  way  behind  tha  chock,  then  the 
ideas  that  the  electrons  will  ba  migrating  with  the  chock  (where 
the  tamperatura  is  fairly  low)  and  that  there  will  be  a  larye 
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od^not  ivatfao*  (irtiaiM  th»  toitgwMitnfd  li  fdirly  bSi^)  eanf3.iet.> 
BiMffv*r«  If  jsa  h«v*  a  twiiaaont  phanoiainia  prddadad  bjr  tba  iic- 
pioatda^  whara  tha  alaotrooa  oaa  Mlfrata  bahind  iha  abodk  la  tbli 
bisa  tamiaratura  vaston  bj  a  turbulaak  aaetalbdfaf  foa,  ean  aapiain 
to  aoaa  aztant  why  tha  alaetrona  ara  fairly  eldia  to  Iha  aboek 
aurfaoa  aa  Or.  Paulaon  baa  ihom. 

1  waa  wondering  if  there  waa  any  obanoa  that  any  of  t  he  lonlaation 
obaarvad  in  bnrata  like  tbeae  oan  be  photedataeiaient  of  alaetreha 
froai  negatira  iona  in  tha  aidbiant. 

Xy  faaling  ia  that  in  the  I  region  there  ara  very  few  negatira  Ipna 
at  thla  tine  of  day  but  it  Is  worth  looking  into. 

Could  the  aise  obtained  froai  Doppler  siaaauraMnta  be  off  by  a 
factor  of  thraaf  Then  the  oorralatlon  of  Ineraaaa  in  also  with 
Inereaaing  altltuda  would  fit— in  other  words  aleotroas  would 
stay  behind  the  eontaot  surface,  aa  Dr.  Paulson  p<  .^tad  out.  Tha 
shook  wawe  you  Mentioned  is  nuoh  top  weak  to  Make  ionisation,  but 
the  contact  surface  grows  in  the  sane  way  that  the  shook  grows, 
and  gets  bigger  with  higher  altitude. 

I  think  it  is  more  likely  that  there  nay  be  an  error  in  the  siaa 
assuBWd  for  the  contact  surface.  In  other  words,  if  we  raoalou* 
latad  Brode*s  theory  for  these  conditions  the  contact  surface 
sdght  be  quite  a  Ut  bigger. 

I  think  Dr.  Paulson  mentioned  that  Taylor  presented  tha  argi'Mant 
of  a  contact  surface  lying  behind  the  shook  and  scsm  distanoa  be¬ 
hind  it,  but  he  nada  the  statensnt  that  the  idea  of  a  spbarloal 
contact  surface  sitting  behind  the  shook  is  purely  oonjaotura. 

I  Bight  mention  that  the  Ottawa  people,  who  had  aiqplodad  hieiily 
pressurised  spheres  in  a  container,  have  observed  a  narked  degree 
of  turbulence  and  no  distinct  spherical  contact  surface  lying  be¬ 
hind  the  shook. 

This  is  true.  Tbs  re  are  laboratory  photognyihs  showiaig  this. 

Wa  did  dataot  a  shock  pbancnana  in  one  of  tha  evaning  twilight 
ralaasas,  since  wa  did  dataot  icaisation  fren  a  pure  high 
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Ihorofovo,  tborb  mat  bo  *«  Iboit  onouali 
fbHiaiki  to*  dobaieibibat  at  ^ilo  tiao  of  diy  to  Mbpont  for  tbot 
ioniidtlbn  that  vae  obaorvod.  kootOor  thing  that  vo  think  wo  aoo 
on  onr  mooMa  aro  tha  atapa  in  gvovlk*  111  adit  eaaoa  thaao  appoar 
to  bo  oonpoiotod  with  oaaoB  whoro  wo  aoo  aovt  of  a  ahanp  tongoa 
at  t'ha  boginning  of  t^o  growth  poriod  which  proanaably  ia»  at 
laaat  initiallpt  a  ahoOk  offoot«  Doaa  anjooo  hawa  anp  opinion  aa 
to  wbothar  thaao  atopa  nap  not  bo  duo  to  ahook  wavoa  which  ro- 
kownd'  at  tho  boinidarioa  of  tho  growing  eloudt  la  tharo  anp  ovi« 
donoo  auoh  aa  that  proaontod  a  poar  or  two  ago  on  atrip  filn 
ahowing  initial  growth  followed  bp  ahrinkaga  of  tha  cloud  and  than 
growtti  againt 

Va  hapa  aoaa  atrip  filn  that  franklp  haan't  baan  analpaad  pat.  Va 
hava  gona  through  about  7  of  our  8  ailaa  of  aovla  flln>  but  tha 
othar  toile  atill  oontaina  tha  atrip  fila. 

Tha  Initial  queation  X  aakad  ia  atill  not  raallp  anawarad.  la  tha 
total  ioniiation  after  tha  initial  burat  Inoraaaiigt  or  ataping 
oonatantf  la  there  a  aaohaniaa  for  continued  loniaation  frea  tha 
ahook  or  fron  acaw  othar  cause? 

As  far  as  continuous  creation  of  alactrona  la  eonoamad  tha  caaiua* 
or  whataper  is  being  ionised,  will  continue  to  produce  electrons 
while  tha  aaobanlsas  which  produce  alactrona  (auoh  as  dataohaant) 
continue  to  operate.  Thera  are  othar  aaohaniaas  which  haven't 
baan  dlsouasod  hare,  such  aa  ohaaiioal  reaction  botwaan  oeaivai  and 
whatapar  awtarial  la  in  ttia  awibiont  atnospbara.  Caaioa  can  burn 
in  ozpgen  an;!  produce  ionisation.  I  would  like  to  naka  a  ooamant 
on  the  photo  datachnant  of  negative  Iona.  Suppose  initiallp  pou 
had  a  lot  of  photo  dataohaiant  over  a  large  region,  and  than  pou 
had  raoembination  leading  to  production  of  a  photon  pou  would  gat 
an  apparent  large  blob  which  will  than  shrink  down  varp  quieldp. 

X  would  like  to  ask  Dr.  Holt  about  soaia  of  the  pictures  in  the 
parp  oarlp  stages.  It  appeared  that  tho  rogiona  were  not  trulp 
aphsrieal.  One  poaaibla  ojqplanation  X  auppoao  la  that  thep  arc 


Ttsflor  Am  th«M  oilier  expluietioiie  for  tUMt 

fbet  ieeai  to  be  ae  good  es  tcaj.  Although  I  didn't  ehaw  elidte  of 
Poggff  it  wee  the  aoct  unepanetrleel  of  the  bnrete*  It  ie  Inter* 
eeting  that  Peggp  hae  aoae  other  unique  propertlea  too.  frda  the 
flret  few  alllleeoonda  oc  It  had  a  sort  of  Ua  dblong  ahl^  that 
waa  rather  unusual. 

Melwiidt  X  hare  a  eonnaat  on  the  aepwmetrp  of  the  ereseant-llke  clouds,  tbs 
aids  night  be  lined  up  with  the  earth's  nagnetlo  field  but  Z  didn't 
know  whether  this  was  true  or  not.  The  radius  of  ourvature  of  a 
Ionised  oeslun  aton  Is  about  1  klloBOter,  so  you  ni^t  get 
aspsnwtry  because  of  the  nagnetlo  field,  ae  long  as  the  oolllslon 
frequenoy  between  the  oeslun  and  whatever  aartloles  are  thare  Is 
less  the  oyolotron  frequency. 
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ABGIHlCr 

A  description  Is  given  of  the  photographic  equlpasnt  used  In  the  i960  Firefly  series 
and  the  location  of  the  optics  sites.  , 

By  means  of  trlangulatlon  techniques  and  electronic  coa^uters^  height^  ahape  and  toore- 
■ent  of  the  clouds  have  been  calculated. 

Cameras  used  for  special  assignments  such  as  color  recording,  stereo,  quick  look  alti* 
tude  calculations,  etc.-  are  described  and  the  results  of  the  observations  given. 

A  siiq^  photoamter  vas  used  to  record  burst  time.  Ihe  results  of  these  observations 
are  also  given. 

FURPOBE  or  OPTICAL  C-tVERAGE 

The  general  purpose  of  optical  coverage  is  to  provide  penaanent  records  of  the  Firefly 
clouds  vhlch  can  then  be  analyzed  In  the  laboratory.  Due  to  the  hl^  resolution  of  the  photo> 
graphic  Images  It  Is  possible  to  record  the  altitude,  shape,  size,  aj>d  snvement  of  the  clouds. 
By  means  of  narrow  band  filters  In  front  of  the  cameras.  It  Is  possible  to  Isolate  the  various 
atonic  species  In  the  cloud  and  to  Independently  study  the  interaction  of  each  species  vith 
the  ambient. 

The  optical  observations  are  of  assistance  In  the  RP  scatter  analyses  of  ceslun  clouds 
since  they  provide  height,  position,  and  drift  Information  as  veil  as  a  picture  of  the  ”scat> 
terlng  antenna." 


DESGBXFTICB  OF  KfjmmU 

The  eqjulpnent  provided  for  the  i960  series  can  In  general  be  grot^ed  Into  three  oate> 

gorles: 

(1)  Time  exposure  cameras  were  used  to  obtain  photographs  vith  e^qposure  times  from  1 
sec  to  22  seconds  and  for  as  long  a  period  of  time  as  the  cloud  vas  vlslbla^ 

(2}  Movie  cameras  operating  at  4  frames  per  second  vere  used  to  record  tte  cloud  dar> 
Ing  the  first  few  seconds  of  Its  life  or  In  scan  eases  out  to  60  seconds. 


(3)  Otter  cHKnw  vf  uMd  sltlwr  to  xocordl  maiolotio  aviate  or  te  clatete  ila  • 
Bvtelia  mup»r  wa&  vara  aibjact  to  cteine  on  a  dajr*to-daar  teite* 

A.  Cteara  Nrante 

lio  tepai  0^  caaaia  aounte  vara  uaaA  la  obtaining  the  ^togn^. 

Sba  firsts  ahown  la  ngnre  1,  la  retetlvaly  simple  aal  la  capable  of  rapid  aaeaBibly  and 
dlaaaawibljr  and  caa  be  traaaportad  frcai  alte  to  alte  la  a  station  vagon.  Die  knock-dom  tgrpa 
base  aakea  it  possible  to  set  19  at  reaote  sites  vltb  a  alnliia  of  preparation.  Die  nauat  can 
be  adjusted  rapidly  la  aslauth  and  elevation  and  to  an  accuracy  of  O.3  degrees  and  with  care 
to  Otl  degree*  Die  structure  Is  capable  of  handling  fron  50*7?  pounds  of  caaara  eqjalpSent* 

Die  srrangBnwnt  la  Figure  1  shows  two  K-2h  tine  ei^sure  caaerss^  one  ^yeao  aovia  caaera^  and 
an  Infrared  snooperscope  mounted  on  the  equipment  rack. 

Die  second  type  used  to  mount  cameras  Is  shovm  la  Figure  2  was  wSo  tram  a  60-lnch 
searchlight  stand*  Die  mount  is  ca3pable  of  Imndllsg  igi  to  I5OO  pounds  of  equipfoent  with  an 
accuracy  of  6*1  degree  or  better  In  pointing*  Cue  to  the  close  tolerances  and  rugged  con* 
structlon  of  the  searchlight  unit,  the  reproducibility  of  azimuth  and  elevation  settings  frost 
day  to  day  la  excellent. 

As  noted  In  Figure  2  the  searchlight  yoke  assembly  has  been  enclosed  with  am  Insulated 
antal  cover  and  the  unit  air-conditioned  to  control  tenqierature  and  humidity.  Dils  protection 
is  necessary  to  insure  equipment  operatlan  In  the  adverse  weather  conditions  found  on  the 
bsacb.  Another  Important  feature  which  the  enclosure  provides  Is  the  ablllte  to  prepare  for 
a  firing  on  short  notice.  Equlpsent  could  be  Installed  several  days  prior  to  a  firing  and 
than  mada  ready  within  30  minutes  or  less  of  the  firing*  Should  rain  showers  occur  shortly 
before  firing,  the  equipment  could  be  secured  and  then  placed  in  operation  In  a  few  minutes. 

Ose  piutectlve  covers  proved  Invaluable  during  the  past  susner's  operation  when  a  large 
number  of  rockets  was  fired  on  &  dci.  '•?hsaul». 

®»$  Searchlight  vini-,  whlJi*  portable  In  a  station  wagon,  can  be  transported  on  a. 
trailer  or  moving  van  to  the  vicinity  of  the  observing  site  snd  then  towed  by  >i«ns,  auto,  or 
Jeep  to  the  final  location. 

B.  Time  EiqpoBure  Canerae 

Die  standard  K-24  aerial  caiwra  which  has  been  modified  for  our  needs  Is  used  to 
time  eiqpoBure  photographs  of  the  clouds* 

This  camera,  which  takes  a  3"  x  picture,  is  the  largest  type  for  which  high  speed 
Isasss  snd  a  rapid  cycling  time  ars  available. 


•••« 


Figure  1 


Figure  2 


Qia  K-24  la  oomaUy  eqiutppad  with  a  7”  lena  hut  other  units  of  laager  focil 
Ihactfa'i^  aealllilUbe  os  stahdaiM  Iteas.  Sue  to  the;  ljurge  diewter  of  the  leOsi  star  lillfiee 
which  asa  ujMd  la  ipoeliica  detenOahtlons  are  relativelor  easy  to  obtain.  She  caiKira  utiUMs 
a  focal jpiAae  shutter  whi^  is  operated  hgr  a  pulse  of  S4  volts  i).C.  and  is  ijiapahle  of  ei0iiiiUxif 
tiaes  as  short  as  Xfino  iSe  aad  a  fnun  rate  of  3  per  second,  niters  can  easliy  he  Instalied 
in  front  of  the  lenses  for  spectral  studies  of  the  clcudv.  A  data  ehsifber  is  Ihstalled'tin  the 
K-24  so  that  Infomation  relative  to  the  firing  can  he  peneanently  recorded  on  eadi  filn  fraae. 
Ihe  data  chanter  contains  Infoxnation  on  tiae,  firefly  shot,  station  nuaiber,  filter  type*  date, 
caasra  nuOber,  aad  fUa  type.  Shese  data  are  ixivaluahle  in  analyzing  the  thousands  of  photo* 
graphs  which  are  token. 

The  K-24  systen  is  especially  suited  for  field  woric  due  to  ease  of  naintenance  and 
availahlllty  of  spare  pasrts.  for  exanple,  the  coeq^lete  woiking  aechanien  can  he  renoved 
a  new  unit  installed  hy  releasing  one  thuah  screw. 

Ihe  focal  plane  glass  of  the  camera  is  precision  ruled  with  a  l/2"  grid  Which  serves 
as  the  fiducial  systen  for  locating  the  center  of  the  frame  as  well  as  suheeiiuent  cloud  posi¬ 
tions.  Ihree  snail  lights  located  behind  the  lens  are  pulsed  hy  the  timer  and  give  sufficient 
light  to  record  these  grid  lines  on  the  film.  The  presence  of  the  precision  grid  on  the  film 
pemits  correction  for  distortion  due  to  film  shrinkage  and  other  effects.  The  nan  lights 
also  effectively  pre-sensltlze  the  film  with  the  result  that  the  flln  speed  is  approxinately 
doubled. 

C.  Movie  Coneras 

The  Syeno  35  na  movie  camera  was  the  other  workhorse  used  on  the  Firefly  operation  and 
at  least  one  was  located  at  each  optics  site.  The  cancra  is  described  in,  another  article  in 
this  report  edtitled  "Growth  frooi  Photography  (O-IO  seconds)"  by  E.  D.  Biwaids. 

D.  Special  Oameras 

(1)  A  Beattle-Oolensn  35  ■■  camera  was  curated  with  S0270  color  film  at  site  F-2. 
tte  eonera  lens  had  a  focal  length  of  50  ms  and  a  speed  of  f/2.8.  An  exposure  time  of  approx- 
Inately  3  seconds  was  used. 

(2)  A  Bolex  l6  m  novle  camera  with  color  film  and  a  lens  focal  length  of  50  m  and 
speed  of  f/O.9  was  in  operation  at  site  F-1^ 

(3)  A  bank  of  5  each  l6  tm  pulse  cameras  was  nounted  at  elte  F-1  and  operated  at  1 
pulse/sec.  Camera  lenses  varied  from  a  focal  length  of  50  ms  at  speed  of  f/l.5  to  17  m  at 
f/2.5.  The  majority  had  a  1?  m  focal  length  at  a  speed  of  f/2.5.  For  the  solar  scatter  shots. 
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the  five  eiMXM  vex«  eqyilived  with  polAvold  fUtera  at  eacceBsive  m-XlZ*  anglsB  tetween  the 
vertical  and  taorisoatal.  Tor  other  ahota  the  caaeraa  had  Vratten  filtera  auCb  aa  $8^ 

2$^  etc.  aounted  in  front  of  the  lena  and  were  uaed  to  iaolate  aelected  regiona  of  the  viaihle 
apeetruB. 

(4)  Polaroid  land  camraa  and  speed  graphic  ^pe  caaezaa  with  Polaroid  •adapter  hacka 
were  used  at  altea  P-1,  3  and  H  to  obtain  a  (piick  photograph  of  the  cloud  burat.  Succeaa  at 
two.  or  nore  of  these  sites  enabled  us  to  calculate  burst  height  within  30  alnutea  to  1  hour 
after  the  rocket  flight. 

(5)  A  K-24  caanra  with  7"  iq^tlcs  was  operated  at  the  Blue  Horlaon  Motel  to  give 

possible  stereo  coagiarlBons  with  other  K-24  pictures  from  site  F.  Although  the  canexa  waa 
operated  manually,  connunlcations  were  good  between  the  Blue  Horizon  and  site  F  and  photo¬ 
graphs  were  taken  slmaltaneouBly  from  the  two  sites. 

(6)  An  Fyemo  3?  let  movie  camera  with  a  600  groove/oai  transmission  grating  anunted  in 
front  of  the  30  nn  f/l.l  camera  lens  was  in  operation  at  site  F-2.  Ibe  camera  operated  at 

4  fps  and  used  Royal-X  Fan  Recording  film. 

(7)  A  sligile  photometer  using  a  CBS  1002  photooniltlpller  was  used  to  observe  the  exact 
time  of  burat  on  several  of  the  firings.  The  instrumentation  consisted  of  the  photomiltlpller 
with  a  slBple  condensing  lens  and  coffee  C19  mount  to  limit  the  acceptance  angle  to  26*.  Out¬ 
put  of  the  photomultiplier  was  recorded  on  a  vislcorder  through  a  logarithmic  aavlifler.  Pre¬ 
cise  time  was  recorded  from  a  Vitro  time  pulse  which  was  fed  to  the  vislcorder'. 

E.  Filters 

The  k-24  cameras  and  some  of  the  special  cameras  were  equipped  with  a  variety  of  filtera 
to  Isolate  selected  spectral  Kgions. 

For  the  solar  scatter  shots,  the  two  K-24  cameras  at  each  site  were  equipped  with 
Polaroid  filters  lEdunted  at  rij>|ht  eagles  to  each  other. 

For  t^e  I  jfly  shots  vMch  contained  sodium  and  cesluu^  both  Wratten  gelatin  filtera 
and  Interference  filters  were  used  to  Isolate  the  resonant  wavelengths.  Each  observing  site 
had  at  least  two  K-24  cameras  and  would  instrument  one  to  photograph  the  sodium  radiation  at 
3893  jngstroBs  and  the  other  to  photograph  the  cesium  radiation  at  8321  Xngatroms. 

hnCAXIOH  OF  OPnCS  OBSERVIHO  SITES 

All  rockets  during  i960  were  fired  from  the  Eglln  Oulf  Test  Range  cn  Santa  Roaa  Island, 
Florida.  Optics  sites  0,  H,  and  J  were  chosen  to  have  approximately  a  43*  viewing  angle  for  a 
cloud  height  of  120  km. 


OuKru  vhich  were  uaM  prlmrily  to  gather  i^ctiml  Infoxaatlon  and  to  record  enoiiilquii 
evcnta  were  operated  froa  alte  T.  Eence,  this  elte  vaa  cboaes  for  convenience  to  .tfai  hoid- 
qnarton  area  vbere  laat  nlnute  changea  and  special  arrangenents  could  he  Mde. 

Caaera  Inatallailona  vere  eatahllahed  at  the  following  locational 


Site 

Sotatlon 

Caraaon  Sama 

latitude 

LooKltude 

F-1 

A-ID 

30*  23*  58.66" 

86*  4l'  50.81" 

F-2 

A-ID 

30*  23'  58.66" 

86*  4l'  50.81" 

0 

Mexico  Beach 

29*  57'  03.938" 

85"  25’  42.177" 

H 

Opp,  Alabama 

31“  16'  26.985" 

86*  14'  50.312" 

J 

Mobile,  Alabama 

30“  13’  37.949" 

,  88*  01'  26.605" 

In  addition  a  single  K-24  caaeia  vaa  curated  at  the  Blue  Eorlson  Motel  for  atereo  coa- 
parlaon  with  sites  F-1  and  F-2. 

She  nap  of  Figure  3  shows  the  location  of  the  camra  sites. 

am.  AXAixsis 

A.  Photographs 

A  large  number  of  photographs  vere  taken  with  the  K-24  system  and  have  been  abstracted 
and  cooplled  Into  a  report  by  H.  C.  Edwards. From  this  report,  the  raader  can  see  at  a 
glance  the  type,  duration  and  quality  of  photographs  vhich  vere  taken  of  each  firing.  Xbls 
report  has  been  used  frequently  In  subsequent  analyses. 

B.  Position  Calculations 

Pbotc-2T*^phs  vere  taken  against  a  star  background  in  all  cases  except  where  brl^t  sun¬ 
light  would  render  stars  Invisible.  This  was  especially  true  In  dawn  shots  where  the  sky  back- 
gxxnind  would  Increase  during  the  later  stages  of  the  cloud  formation  and  eliminate  star  Images. 
In  these  cases,  position  data  are  calculated  from  azimuth  and  elevation  settings  of  the 
apparatus  rather  than  from  star  right  ascension  and  declination. 

Several  points  which  vere  distributed  over  the  length  and  width  of  the  cloud  and  could 
be  simultaneously  Identified  from  two  or  more  stations  vere  chosen  and  the  corresponding  cal¬ 
culations  made  for  latitude  and  ground  sub-point  latitude  and  longitude  as  a  function  of  time. 


(1)  tFhotographie  Coverage  of  Firefly  i960  (x-24  Osmeras^  ”  Technical  Beport  >0.  $,  Contract 
lo.  AF  19(604)-?467,  by  Boward  D.  Hwards,  January  19,  196I.  (Due  to  the  large  nuMber  of 
photograph  and  resultant  hltfi  cost  only  ID  copies  were  made.  Ibis  limited  supply  has  been 
exhausted.) 

totf 


me  oupliicr  of  polntc  vtried  fxot  om  or  tvo  for  bom  of  tb*  doods  to  wmatMA.  in  tho 
CAM  of  jMumle.  Ite  length  of  tlae  for  iihleh  cdeulntloaB  could  bo  aoOe  vuri^  fTpa  o  ,fMr 
Mlnutoa  for  iiusgr  of  the  cloudo  to  20.5  alnuteo  for  Betay.  lb  aoat  eaaea  the  dunttlqn  of 
photographic  corenge  vaa  lialted  either  tgr  fading  of  the  clouda  or  hgr  increaae  of  aky  hack- 
ground  due  to  the  approach  of  dawn. 

Sable  1  llata  the  paraoetera  vhleh  were  calculated  for  point  1  on  the  clouda.  Slnllar 
data  are  available  for  other  points  on  the  clouda  but  for  brevi'l^  are  not  published  here. 

figures  4  through  l4  show  the  lati^e-longitude  ground  plots  end  altitude  as  a  function 
of  tine  for  nine  of  the  i960  firefly  releases.  Again  for  brevity,  only  a  portion  of  the  data 
which  has  been  calculated  is  shown  on  the  plots.  Subsequent  analyses  are  eiqpected  to  px^uce 
slnllar  plots  for  frances,  Ida,  Janet,  Hilda,  tkrle,  and  Lola.  Other  clouds  were  not  of  suf¬ 
ficient  intensity  and/or  duration  to  produce  drift  and  growth  infomatlon. 

Duration  of  the  nl^t  shots  (Cathy,  Any,  Buth,  and  Qerta)  was  about  1  alnute  or  less 
and  did  not  give  sufficient  data  for  drift  analyses.  Betsy  was  fired  under  night  conditions 
and  behaved  sisillarly  to  the  other  night  shots  until  about  B  +  5  nlnutes  when  the  cloud  becane 
sunlit  and  reacted  as  a  dawn  cloud. 

me  altitude  plots  for  the  dawn  shots  studied  so  far  (Betsy,  Ibrgle,  Peggy,  Olive, 
Jeannle,  Susan,  Dolly)  show  that  nany  of  the  clouds  disperse  in  both  an  iqpward  and  downward 
direction  fron  the  burst  point.  Accuracy  of  the  csdeulated  height  positions  is  better  than 
0.5  kn  and  hence  the  altitude  deviations  are  a  real  effect  and  not  due  to  ej^rlaental  error. 

In  siailar  manner  the  oscillations  shown  for  many  of  the  shota  are  real  and  not  observational 
error. 

for  the  dawn  shots  studied  to  date,  the  burst  ^s  at  an  altitude  where  high  wind  shears 
exist  with  the  result  that  the  clouds  were  tons  into  long  lunyy  filaments.  Ihese  filaments 
would  extend  over  on  altitude  range  of  up  to  15  km  within  .10  aiinutcB  after  burst. 

Peggy,  while  having  wninuijLl  radio  frequency  reflections,  does  not  appear  to  be  unlike 
several  other  shots  with  regards  to  dispersal  by  the  wind,  range  of  altitude,  else  of  cloud, 
etc.  She  altitude  range  of  96  to  108  kn  for  Peggy  was  somswbat  different  than  for  the  other 
shots.  Jeannle,  Betsy,  Susan,  and  Dolly  were  above  this  altitude  range  while  Naxgie  and  Lola 
were  at  a  lower  altitude.  Merle  has  not  yet  been  studied. 

Peggy  was  oriented  East-Hbst  as  shown  by  the  ground  plot  wbereM  Jeannle,  Susan,  Betsy 
and  Dolly  had  more  of  a  Hortb-South  orientation.  Peifaapa  the  orlentatloo  of  the  Peggy  antemmi 
contributed  to  the  long  duration  of  the  reflected  signal* 
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ALTITUDE  (KM) 


Pit.4.  ttm 
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SITE  H  4S0  SEC 


SITE  J  Bt  390  SEC 


tOlO 


LATITUDE  (DEGREES) 


3lkS 


nf.&  BfTSY 


LATITUDE  (DEGREES) 


SUSAN 


LONGITUDE  (DEGREES) 


toil 


BURST  120  240  360  480  <00  720  140 

TIME  AFTER  BURST  (SECONDS) 


Altitude  end  ground  plot*  for  Bedy  end  Lily  are  glren  la  Hguree  13  eod  l4.  Idly  uu 
obeerved  for  1  alnute  and  then  faded  very  itqpldly.  Bedy  laated  for  l"l/S  alnatea  and  than 
also  faded  rapidly  froa  vlev.  Oie  three  pointe  Identified  in  Bedy  roae  froa  106  ha  to  IJO 
In  one  ainute  and  then  dropped  to  a  lav  of  124  kn  before  It  faded  30  aeeoade  later.  Idly>  on 
the  other  hand^  had  Its  Identifiable  points  fall  from  an  altitude  of  1^  lea  to  139  4b  In  less 
than  6o  seconds,  five  Identifiable  points  were  studied  for  I'ranees  and  a  4rop  fna  l4d  ka  to 
132  ka  In  30  seconds  vae  observed,  these  two  extremes— rapid  rise  for  Bedy  and  rapid  fall 
for  Lily  and  yrances— are  due  to  vehlele  vti.ocl1y  at  release. 

the  two  flights  which  used  a  caroon  arc  to  create  Ionized  and  visible  trails  were  Anne 
and  Horaa.  Photographic  observations  were  sade  on  Boraa  only  and  the  position  data  are  given  . 


In  Table  2. 

Table  2t 

Borma* 

Time 

After  Burst 

isssl _ 

Average 

latitude 

(degrees) 

Average 

Longitude 

(degrees) 

Average 

Altitude 

(ka) 

0 

30.273 

86.520 

96.9 

8 

30.270 

86.511 

97.1 

12 

30.267 

86.505 

97.2 

21 

30.258 

86.1*93 

96.5 

27 

30.254 

86.487 

95.5 

38 

30.244 

86.473 

92.8 

ks 

30.232 

86.458 

09.7 

Ihe  computations  shown  In  this  table  result  froa  a  different  coq^ter 
program  than  the  one  used  for  the  calculations  given  In  Table  1.  Bence 
residuals  are  not  available.  It  is  believed  the  data  are  good  to  better 
than  0.?  km  In  altitude. 

It  was  previously  understood  that  the  carbon  arc  flights  would  trace  out  a  path  which 
Included  the  peak  of  rocket  trajectory.  Qtls  trajectory  was  apparently  achieved  with  a  peak 
at  97  4m  and  then  the  cloud  moved  down  to  about  90  ka  on  the  down  leg.  Ibe  burning  tlae  of 
4S  sec  for  the  arc  Is  apprxnclmately  correct  froa  what  is  known  of  the  ejected  bum  tlsa. 

In  earlier  preliminary  studies  it  was  concluded  that  the  bright  center  of  the  clouds 
dropped  very  sll^tly  during  the  first  few  seconds  after  burst  and  then  rose  ag’.un.  Very 
careful  asasureasnts  have  now  been  aade  at  few  second  Intervals  for  several  of  the  shots  and 


toil 


ALTITUDE  (KM) 


latitude  (DECREES) 


Fig.  14.  HEDY 
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the  data  praMutad  in  Flgura  15  •  In  all  of  the  cases  studied  the  cloud  "brlfliit  center"  rose 
after  burst.  She  rate  of  rise  is  proportional  to  altitude  as  indicated  frost  the  plot.  She 
Increase  in  rise  rate  vith  cloud  release  altltvtde  aay  be  partially  explained  by  the  decrease 
in  aablent  pressure  with  altitude.  Rocket  velocily  at  tiae  of  release  is  not  iaaedlately 
available  and  the  contribution  to  cloud  upward  notion  due  to  rocket  notion  is  not  calctilable. 
C.  Special  Caaeras 

(l)  A  Beattle-Colenan  35  >>■>  canera  was  operated  vith  80270  color  flln  at  site  7-2.  A 
sequence  of  photogriphs  at  5  second  Intervals  vas  taken  for  the  following  shots: 


Frances 

Jeannie 

Ida 

Margie 

Uly 

Lola 

Hedy 

Peggy 

Dolly 

Susan 

Slides  have  been  made  of  many  of  the  shots  and  are  of  general  Interest  in  studying  the 
color  of  the  clouds. 

(2)  A  Bolex  16  Bin  movie  camera  with  color  film  was  In  operation  at  F-1  and  obtained 
povles  of  Sedy. 

(3)  Xhe  bank  of  5  sach  I6  mn  pulse  cameras  obtained  data  on  most  of  the  shots  using 
either  Polaroid  or  Vratten  filters.  Much  of  the  data  vas  duplicated  on  KS>^  film  and  hence 
no  attempt  will  be  made  at  analysis.  In  addition,  inadequate  marking  of  the  film  has  made  the 
euialysls  difficult. 

(4)  The  Polaroid  land  cameras  and  speed  graphic  type  cameras  vith  polarold  adapter 
backs  were  used  successfully  to  give  quick  results  on  burst  altitude.  These  data  were  of  value 
in  planning  the  subsequent  firings.  The  data  ea«  not  presented  here  since  the  tisefulness  vas 
limited  to  field  planning  and  the  data  have  nov  been  superseded  by  more  accurate  calculations. 

(5)  The  K-24  camera  which  vas  operated  at  the  Blue  Horizon  Motel  to  give  stereo  pictures 
with  the  cameras  at  site  A- 10  obtained  good  photographs  of  most  of  the  clouds. 

A  hurried  but  sufficiently  thorough  analysis  of  the  film  indicates  that  the  clouds  did 
not  have  enough  structure  to  make  practical  the  use  of  the  stereo  technique. 

(6)  The  Eyeao  35  »*■>  movie  casmra  with  a  6OO  groove/an  transmission  grating  mounted  in 
front  obtained  spectrograms  on  Jeannle,  Margie,  Lola,  Peggy,  Susan  and  Olive.  The  analyses 
of  this  voxk  have  been  prepared  as  a  separate  paper  and  will  be  presented  in  the  section  on 
spectrophotometry . 
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(7)  Bm  tlivl*  photowtar  daaerlbed  la  the  iastruaentetloci  aectloa  ms  used  to  record 
tlw  omet  tlae  of  hurst  oti  seversl  of  the  clouds.  Ibe  dsts  ohtslned  ere  presented  in  Tbhle  3< 


Sthle  3:  Beleese  Tlaea  fn»  Oeorgle  Tech 

"mye  In  Skjr"  fhotcMStrlc  Observations 


firefly 

Burst  fine  C8T 

Dolly 

04:81 j45. 84 

Any 

02:38:45.88 

Oathy 

08:32:44.95 

Ruthy 

08:38:29.37 

Hilda 

04:25 :31.46(^^ 

Betsy 

04:16:4o.72^^^ 

Marie 

04:38:25.39^^^ 

Jeannle 

04:36:40.90^®^ 

Margie 

04:37:00.60 

Peggy 

04:41:50.75 

Susan 

04:43:49.3' 

Olive 

04:41:50.14 

Wendy^^^ 

04:18:40.62 

Vlcky^^^ 

19:06:19.53 

(l)  Fhotcaetei'  did  not  record  hurst  and  the  tlae 
recorded  vas  obtained  froa  a  push  button  operated  by 
an  observer.  Oenerally  the  tlae  recorded  vas  sifter 
burst  due  to  observer  reaction  tlae  of  approxlaately 
1/3  sec. 

(S)  It  Is  noted  that  these  aeasureaents  read  0.1  sec 
high  colored  to  the  results  reported  by  Device 
Oevelopaent  Corporation  in  October  i960. 

(3)  Rocket  failed. 


OOHCLI^ICnS 

A  large  amount  of  data  vas  taken  on  the  i960  chemical  releases.  Much  of  these  data 
has  nov  been  reduced  suid  Is  Included  In  this  report. 

Although  additional  studies  vill  be  made  during  the  next  fev  aonths  sufficient  data 
have  been  reduced  to  plan  the  196I  series  vlth  confidence. 
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ABSTRACT 

The  diffusion  of  chemical  clouds,  which  were  created  in  the  upper  atmoapbere  by 
explosive  release  from  a  rocket,  has  been  studied  by  visual  and  photographic  means.  These 
clouds  for  the  most  part  are  gaseous  cesium  with  a  trace  of  sodium  added.  However,  gaseous 
and  solid  contaminants  created  in  the  explosion  are  also  present.  This  study  is  concerned 
with  that  period  after  the  Initial  explosive  phase,  when  eddy  or  molecular  diffusion  controls 
the  growth  of  the  cloud. 

1.  THEORY 

The  problem  is  to  determine  the  nature  of  the  dispersion  of  a  spherical  cloud  of 
material  introduced  into  an  ambient  atmosphere  at  some  arbitrary  time,  t  >  0.  The  solutions 
obtained  are  based  on  three  principle  assumptions,  vlx: 

(i)  The  cloud  is  spherical.  This  in  essence  Ignores  the  effect  of  the  wind  shear 
elongating  the  cloud.  Since  the  growth  of  the  cloud  is  measured  transverse  to  the  direction 
of  the  shear,  we  may  make  this  assumption. 

(ii)  The  production  and  loss  mechanisms  for  the  diffusing  particles  are  negligible. 
That  is  the  total  number  of  diffusing  particles  is  constant. 

(iii)  The  thermodynamic  properties  of  the  cloud  (e.  g.  temperature  and  pressure) 
are  the  same  as  those  of  the  ambient. 

A  consequence  of  the  second  assumption  is  that  the  cloud  will  disperse  by  purely 
diffusive  properties. 

Following  the  works  of  Kellogg,  Sutton,  and  Roberts^^^  we  arrive  at  the 
following  equation  to  explain  the  growth  of  a  contaminant  placed  in  same  medium 


1.  Kellogg,  W.  W. ,  1956,  Joum.  of  Meteorology,  13,  241  •  250 

2.  Sutton,  O.  G. ,  1932,  Proc.  Roy.  Soc. ,  London,  A,  135,  103  -  165 

3.  Roberts,  O.  F.  T. ,  1923,  Proc.  Roy.  Soc. ,  London,  A,  104,  604  •  654 


whtr«;  if  tb*  vifibU  radius 

r^is  by  definition  the  mean  square  deviation  of  a  particle  reiative  to  the  cloud  center 
a  is  the  initial  radius  of  the  cloud  controtted  by  diffusion  (i.  e.  the  radius  when  the 

cloud  comes  to  equilibrium  with  the  ambient  at  the  termination  of  the  explosive  phase. 
tn  _  !•  ilto  maximum  observable  radius. 

V  1S«X 

Applying  the  above  equation  hinges  upon  the  derivation  of  r^  .  Kellogg  has 
(4  S) 

followed  the  works  of  Taylor,  ’  using  the  concept  of  a  correlation  coefficient  to  describe 
the  mean  deviation  (cloud  spread)  of  a  particle  from  the  center  of  the  cloud.  This  defines  r^  by 

d^  d-r  .  (2) 


where:  v^ 


is  the  mean  square  turbulent  velocity  of  the  ambient 


is  the  LaGrangian  correlation  function 


t  0 

t  -♦  o* 


Thus; 


v^  t^,  t-yO 

It,  t  0«* 


where:  1  «  ^ 


(3) 


With  this  derivation  Kellogg  shows  how  the  cloud  growth,  which  he  attributes  to 
small  scale  eddies,  follows  equation  (1)  with  =  v2  t^.  It  is  the  feeling  of  the  authors, 
that  the  above  derivation  while  having  the  correct  time  dependence  of  r^  does  not  physically 
describe  the  parameters  controlling  diffusion.  As  an  example,  there  is  no  method  to 
distinguish  the  gross  action  of  the  cloud  due  to  shear  turbulence  as  differentiated  from  that 
due  to  isotropic  turbulence.  To  correct  this,  a  sUtistical  mechanical  argument  advanced  by 
Tchen^^^  describes  the  diffusion  of  a  source,  where  r^  is  described  by 

T2  ■  Constant  t^Y  . 


4.  Taylor,  G.  I. ,  1920,  Proc,  London  Math.  Soc, ,  2,  196  -212 

5.  Taylor,  G.  I. ,  1935,  Proc.  Roy.  Soc.  London,  A,  151,  421  -  478 

6.  Tchen,  C.M. ,  Advances  in  Geophysics,  6,  165  -  173  (1959) 

•  It  should  be  emphasiacd  here  that  Tchen  only  discusses  the  case  for  the  small  scale  eddies 
and  does  not  cover  diffusion  due  to  large  scale  eddiea. 
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where:  s  ^  for  teotropic  turbulence 

s  1  for  sheer  turbulence 
s  £  for  molecular  dlffueion 

Since  the  .  egion  of  the  atmosphere  that  is  being  studied  is  a  high  shear  region,  we 
will  assume  that  the  turbulent  growth  will  be  due  to  a  shear  turbulence  as  hypothesised  by 
Tchen,  and  molecular  when  the  atmosphere  is  not  turbulent.  Thus  we  can  determine  the 
appropriate  constants  by  using  the  e'-jatlons 

'o  “  t^  +  In  /2a2)  -  In  (v^  t^  /a^)^  . (Sal 

for  the  turbulent  growth,  and 

r^  =  2Kt  1^1  +  in  (  r^  /2a^  )  -  In  (2Kt  /a^l  J  . (5b) 

for  the  molecular  growth. 


2,  EXPERIMENTAL  RESULTS 

Figure  1  shows  the  results  of  the  measurements  of  the  cloud  Echo  (4  1959  experi- 
ment)  and  the  fitting  of  equation  5  to  the  experimental  plot.  This  gives  us  the  values  of  y 
and  K  experimentally  as  shown  in  Figure  2.  Also  shown  are  the  calculated  values  of 
molecular  diffusion  for  sodium  and  cesium,  based  upon  a  simple  kinetic  theory,  and  the 
values,  due  to  Booker,  of  the  turbulent  diffusion  coefficient. 

With  the  values  of  the  molecular  diffusion  coefficient  and  the  velocities  of  the  smail 


scale  eddies,  one  may  determine  the  rate  of  energy  density  in  a  region,  and  then  the  scale 
size  for  the  small  eddies.  These  are  given  by  the  t  iirple  relatiotis^'^^ 


w 


f^mol 


(6) 


(7) 


Simv^ltaneously  with  this  we  may  measure  the  scale  sixes  for  the  large  eddies  from  the 
photographs  directly.  These  results  are  shown  in  Figure  3,  and  also  with  the  values  for  the 
small  scale  eddies  measured  by  radio  reflection  from  the  clouds.  That  these  measurements 
fit  well  the  values  predicted  by  Booker  is  fairly  evident  from  the  figure. 

*  This  assumption  is  validated  by  the  experiroenUl  curves  which  shew  both  the  t^  dependonce 
due  to  molecular  diffusion  and  t^  due  to  shear  turbulence. 

7.  Booker,  H.G. ,  J.  Geophys.  Res.,  61,  1956,  673  -  705 


with  wort  d*U  forthcomlnt.  w«  hop*  to  ohow  tho  rtglen  in  the  etmoe^r*  where 
one  mey  expect  turbulence,  whet  inenner  ol  turbulence,  and  the  tlnoe  ecalee  lor  obaervatloB. 
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Figure  I 

Radiue  ol  the  cloud  as  a  function  ol  time  showing  the  sudden 
shut  in  the  expansion  rate  when  turbulence  is  the  major  ellect 
in  the  control  ol  dilluaion. 
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TAgarc  .i 

OiMuaion  coef'icient  K  (both  molecular  and  eddy)  ae  a  /unction 
o/  altitude.  The  dotted  lines  show  the  measured  growth  o/  the 
eddy  dli/uslon  coel/lclent  over  the  period  of  observation.  The 
solid  line  of  the  large  scale  eddy  diffusion  coefficient  is  due  to 
Booker. 


The  scale  siaes  for  the  snaall  and  large  eddies  as  a  function  of 
altitude.  The  solid  lines  are  due  to  Booker. 
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Edwards : 
Rossnberg: 


Dr.  Edwards,  would  you  oars  to  ocomant  on  tha  babarior  of  Batsy, 
wbioh  was  obsarrad  to  boto  In  diffarant  diraetions  by  tha  radar  and 
optloa  obsarvations. 

Z  ra-axaninad  our  photographs  simH  ws  did  photograph  a  portion  of 
ttia  oloud  during  tha  first  faw  mlnutas  which  latar  fadas  out.  I 
asauaa  that  this  part  which  is  no  longer  Tislbla  in  tha  infrarad 
after  a  faw  minutas,  may  ba  oaiislng  confusion.  Wa  wara  obsarring 
the  oloud  throu^  tha  87A  Wrattan  filter  and  wa  continued  to  photo¬ 
graph  tha  portion  uhich  novad  in  a  southaastarly  direction.  Tho 
part  that  you  trackad  with  radar  aorad  aura  or  lass  due  asst,  I, 
too,  think  this  phancaanon  is  rary  intarasting  since  tha  oloud 
saaaad  to  have  two  different  eoaponants  visible  by  different  naans • 
These  wara  at  distinctly  different  altitudes,  I  baliava,  according 
to  yoxir  data. 

Tas,  that's  right. 

The  cloud  rise  ganaratas  tbs  twisted  shapes  because  of  wind  shears. 
Whstbar  tha  oloud  rise  was  due  to  an  upward  oas^onant  of  vohlole 
velocity  or  to  tha  expanding  gas  voluaa  (essentially  a  hydrod^naalo 
rise  because  of  the  lower  pressure  above  than  below)  is  a  problasi. 
Tha  two  higher  altitude  shots  wara  identical  in  rise  rates,  yet  one 
of  these  was  at  a  vehicle  altitude  where  there  was  no  longer  an  up¬ 
ward  oom>onant  to  the  velocity.  Therefore,  I  think  we  can  say  that 
the  rise  is  not  associated  with  vehicle  velool^  upward  but  is  a 
hydrodynasilo  push  up — rather,  a  push  down  against  the  higher  daitslty 
aabiant  below.  In  any  use  of  point  rolaases  it  will  be  a  problaa  to 
define  the  situation  at  a  given  altitude.  The  oloud  will  apparently 
always  have  an  upward  oos^onent  unless,  of  course,  we  introduce  a 
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Bdwardst 
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downward  rohlela  oofopant  whioh  eausoa  othar  ppoblaaa. 

Or.  Idwarda.  didn't  you  aantion  on#  eloud  wbleli  had  a  drop  in  Ita 
trajaotodpyf  Vaa  thla  ralaaaa  nada  whan  tha  rookat  had  raaehad  ita 
paak  poaitionf 

Xaa.  that  waa  a  aolar  aoattar  ahot.  Lily  and  rranoaa  both  ahowad 
thia  baharlor.  wharaaa  Rady  waa  ralaaaad  bafora  tha  rookat  raaohad 
tha  paak  and  had  an  upward  trajaotory. 

Rona  of  tha  point  alaotron  olouda  wara  ralaaaad  aftar  tha  paak  of 
tha  trajaotoryt 

1  don't  baliava  thay  wara.  Tha  two  high  altltuda  ralaaaaa  that 
Dr.  Roaanbarg  rafarrad  to,  I  baliava,  ara  Dolly  and  Suaan.  Thaaa 
wara  vary  oloaa  together  and  ahowad  tha  aana  rlae  rata  during  tha 
flrat  Bilnuta. 

One  of  thoaa  had  a  1  km  par  aaoond  upward  rahlola  velocity;  tha 
othar  one  had  a  aaro  upward  vahiola  valoolty. 

1  don't  undaratand  why  tha  oloud  ahould  oaaae  to  rlaa  aftar  tha 
firat  faw  aaoonda.  lan't  it  poaalbla  that  the  riaa  ia  oauaad  by 
tha  axploalva  axpanaion  of  tha  oloud  upwarda  for  tha  flrat  faw  aao- 
onda  and  that  iha  oloud  than  raaialna  at  relatively  oonatant  alti* 
tudaf 

The  rlaa  tlaa,  if  I  ranembar  correctly  fron  tha  photographa  waa 
quite  long, with  oharaotarlatic  tinea  of  tha  order  of  300  to  IvOO 
aaoonda,  waan't  ItT 

Tha  olouda  in  many  Inatanoea  continued  to  rlaa  for  tha  three  or 
four  hundred  aaoonda,  aa  you  aay,  before  reaching  tha  aitl. 

tuda.  8oew  altltuda  oaolllatlona  In  a  given  portion  of  the  oloud 
aa  a  function  of  time  were  obaarved. 

I've  aeen  aoiM  of  the  data  bafora.  Thla  tine  I  noticed,  if  wa'ra 
talking  about  tha  longer  aoala  rlaa  and  dropa  rather  than  aone  of 
the  very  abort  onea,  that  fron  tha  aana  burat  quite  often  you  aaa 
aona  rlaaa  and  aoM  dropa.  Wow  I'n  aaking  If  you've  looked  at  tha 
data  wall  enough  to  dateswina  tha  natarlal  all  atarta  at  a  alngla 
point  and  than  gata  diaparaad  up  and  down,  parhapa  through  oaniatar 
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•xplMlon  and  oootlnMd  raaetioa.  X  don't  know  what  tho  iwaohanini 
is,  but  h«TO  you  netiood  that  tha  parta  In  tha  uppawwat  vaglon  of 
tha  eloud  edntlnna  aiq^andlng  upward  and  thoaa  In  tha  lowar  part 
downwarda  ao  that  tha  eantar  of  naaa  of  tha  elouda  nay  ranain  at 
roufebly  tha  aana  halfl^tt 

Bdwardat  Oanarally  apaaklng,  I  think  that  tha  parta  In  tha  uppar  portion  of 
tha  oloud  do  raaMln  up— thay  don't  oroaa  over.  Wa  do  hara  aoaM 
parta  that  oroaa  one  anothar  In  altltuda  In  tha  plot  but  thla  la  tha 
azoaptlon.  Howaaarf  tha  upward  novanant  appaara  to  ba  graatar  than 
tha  downward  and  will  probably  glva  a  sll^t  rlaa  for  tha  oantar  of 
naaa.  I  have  not  oaloulatad  tha  location  of  tha  oantar  of  naaa  but 
fron  atudylng  points  on  tha  olouda  which  ara  distributed  ttr  ough** 
out  tha  langth  and  braadth  of  the  eloud  wa  do  hara  a  pradoalnanoa 
of  upward  BWtlon.  As  you  spaculata,  the  parts  that  start  up  con¬ 
tinue  up  and  tha  ones  that  start  down  continue  down. 

Manring:  I  wonder  If  tha  long  tarn  behavior  can  be  explained  In  terms  of 

looallxad  gradients  through  tha  olouda  and  an  apparent  motion  up¬ 
ward  and  apparent  notion  downward^  depending  upon  bow  the  material 
was  laid  out  Initially  In  tha  canister  source. 

Edwards:  This  might  vary  well  ba  ao.  On  a  slide  which  I  plan  to  show  In  the 

next  talk  I'll  show«  for  example,  the  separation  of  sodium  and 
cesium  for  Peggy.  The  sodium  appears  at  one  and  of  the  cloud  and 
tha  cesium  appears  at  the  other  end.  Proa:  Dr.  Fisher's  talk  this 
morning,  this  observation  night  vary  wall  ba  a:q>lalned  by  tha  fact 
that  sodloa  happened  to  be  placed  In  a  position  In  the  canister 
from  which  It  cane  out  with  higher  density  at  a  particular  altitude 
and  than  did  not  appear  during  the  later  formation  of  lha  cesium 
clouds. 

Stargls:  Mr.  Zlamaxwian,  on  your  Bobo  results  you  show  a  anooth  curve  up  to 

about  60  ssoonda  and  suddahly  a  nice  break  which  saana  to  show 
turbulent  dlffualco.  Why  this  sharp  braakt  Physically,  what  does 
this  meant 


Zinnaman:  the  observed  Initial  rata  of  growth  would  correspond  to  a  value  of 


tits 


dlfAuien  eocfilelMit  alaeat  tfara*  tlMi  m  large  aa  ItM  aspaatad 
■alaaular  dlffualon  ooafflelaiit  wlilah  Dr.  Chaaploa  and  I  oalaulatad. 
Z  Infar  froai  thia  that  tha  phanaaanoo  la  partly  turbulaat  and  partly 
■olaeular  and  at  aoM  i>olnt.  aay  at  60  aaoonda,  tha  turbulanea— 
raally  tha  addlaa»galnad  eoatrol  of  tha  growth  of  lha  olood  and 
earrlad  tha  natarlal  along. 

Starglat  Could  you  dlffarantlata  batwaan  tha  turbulanea  Introduoad  by  tha 
oloud  itaalf  and  turbulanoa  dua  to  tha  mblantt 

Zlanaraant  Turbulanea  Introduead  by  the  eloud  Itaalf.  I  ballara.  la  nagllglbla 
In  tbdh  eaaa.  8uoh  turbulanea  wouldn't  wait  until  60  aaoonda  to  az- 
hlblt  Itaalf. 

Starglai  That's  trua.  You  aaam  to  Indleata  that  batwaan  about  90  and  125  or 
130  kn  prlnarlly  turbulent  phanonana  exist,  and  than  on  the  last 
ourra  you  show  that,  for  a  hlgimr  altitude,  the  result  saasisd  to  ba 
pretty  olosa  to  tha  nolaoular  diffusion  ourva.  Bow  do  jovi  aiqplaln 
thlsf 


ZinsanDsnt  At  about  140  knf 

Starglai  Or  aran  lower. 

Ziasanaant  The  points  on  tha  ourva  are  olosa.  but  this  Is  a  log  plot  and  a 
snail  span  on  this  log  plot  oan  ba  a  factor  of  two.  Z  have  nada 
soaM  oonputations  which  show  that  tha  shear— and  I  believe  Dr.  Man¬ 
ring  oan  support  m  In  this— daoraasas  rapidly  above  120  loa.  An  1 
right.  Or.  ManrlngT 

Manring t  Wa'va  observed  turbulanoa  In  all  of  our  fllanants  below  about  97  Ion. 

Zn  the  region  from  about  97  to  115-120  kn.  the  expansions  that  are 
nolaoular  Initially  (In  aooordanoe  with  what  Dr,  Stargls  said 
earlier)  seen  to  ba  nolaoular  for  5  nlnutas  or  so  and  then  will 
suddexily  break  Into  a  turbulent  type  of  thing.  Tbaae  are  vary 
drasMtlo.  particularly  whan  you  sea  tbaai. 

Stargls:  They  suddenly  do  thlsf 

Manring:  Tea,  tha  axpanslon  follows  tha  nolaoular  rule  (with  a  diffusion 

ooeffloiant  for  mleoular  axpaxwloa  ooavarabla  to  tha  ooo^>utad 
value)  until  about  5  sdimtaa.  idian  tha  oloud  suddenly  breaks  up  and 
tha  axpaiMloo  la  nuoh  faster.  Thera  saaaw  to  be  sons  sort  of 
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Zinmaman: 


Manring: 

Zlnmerman: 

Stargla: 


instability  thsrs}  psrbaps  tbs  szpanslon  is  aolseular  :mtil  tbs 
olood  dlsMtsr  bsooBMs  oosiparabla  to  tbs  addy  sis#  and  tbs  szpan- 
sion  aftsr  that  manifssts  itsslf  as  turbulsnt*  Ws  bars  obssrrsd 
tbia  brsak>m>  up  to  about  117-120  taa— I  don't  tbink  ws'ts  STsr  ob- 
ssrvsd  anything  that  ws  oould  call  turbulsnt  about  120  In.  Ws  bass 
probably  two  or  thrss  tlasa  ths  data  now  tbat  ws  had  at  tha  tins 
you  lookad  at  this.  Moat  of  our  nswsr  data  shows  a  slightly 
snallsr  oosfflelent  of  diffusion  and  probably  fits  tha  eurrs  a  bit 
bsttar,  but  I  think  all  of  It  la  within  a  factor  of  two  of  tbs 
eurvSf  and  I'n  attributing  tha  behavior  ssasntlally  to  molaoular 
diffusion  when  ws'ra  that  close.  Sone  of  this  data  that  you  have 
hare  waa  obtained  on  optically  danse  clouds  which  are  bard  to  woric 
with.  So  I  think  below  97  kn  our  data  Indicates  that  there  is  al¬ 
ways  turbulence,  and  ws  have  found  the  following:  If  you  Initially 
lay  out  a  fllanent.  turbulence  manifests  itself  Immediately  below 
about  97  km  and  there  la  almost  always  a  hl^  shear  In  that  region. 
This  may  just  be  fortuitous  In  the  sense  tts  t  there  always  are 
shears  in  this  region  and  perhaps  they  are  not  asaoolated  with  ths 
turbulence,  but  we  feel  that  sane  energy  Is  being  fed  out  of  ths 
shear  region  Into  ths  turbulent  structure. 

In  other  words,  if  ws  assume  that  the  turbulence  below  97  km  con¬ 
sists  of  small  scale  eddies  Initially,  what  is  the  smallest  tlM 
constant  that  oould  be  measured  before  the  take  over  of  this  turbu¬ 
lent  mechanism  below  97  kmf 

We  have  a  time  resolution  of  about  2  to  3  seconds,  and  tbs  turbu¬ 
lence  shows  up  Immediately. 

This  checks  pretty  well  with  the  numbers  we  have. 

Have  you  noticed  any  variations  In  ths  altitude  at  which  turbulence 
sets  In  as  a  function  of  latitudeT  She  reason  I'm  asking  this  la 
as  follows:  Some  e^erlments  made  primarily  by  Meadows  and  Town¬ 
send  indicate  that  at  White  Sands  there  is  no  molecular  diffusion 
apparent  up  to  about  137  km.  but  at  Ft.  Churchill.  Canada,  they 
seam  to  find  molecular  diffusioa  as  low  as  105  lot.  so  there  seeme 
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to  bo  »am  latitodo  warlatloa.  I  wondor  iriiotlior  you  hawo  aado 
OBOucb  flrlacs  at  dlfforont  letltudos  to  say  anything  about  this. 

Vs  haws  not.  Vs  havo  obsartsd  O]q>ansioa  frosi  Vow  Nsxioo  bslow  this 
10$  loa  rsgion.  Bowaror,  I  osrtainly  don't  think  tharo  is  anough 
data  at  tba  prasant  tins— ‘tha  rookat  progran  bsing  what  it  is— to 
ba  oallad  statistiosl. 

I'd  lika  to  ask  Dr.  Edwards  about  tba  aarly  discussion  with  ragard 
to  tba  vsrtloal  awtion.  Tbara  should  ba  a  tlaa  at  wbiob  aquilibriua 
would  sot  in  for  tbs  dlffarant  oonatituants  as  Ziucsman  and  Man¬ 
ring  bars  sboMi.  Vbatbsr  tbs  vertical  motions  could  ba  said  to  ba 
raal  or  whathar  they  would  be  taiqparatura  or  rocket  velocity 

o 

affected  la  of  Interest.  In  particular,  are  these  vertical  motions 
raal  or  not.  basad  on  the  various  analyses  you've  made  so  far  on 
the  various  flights? 

As  far  as  we  know  they're  real.  Ve  have  Identified  specific  points 
In  the  cloud  from  two  or  more  stations  and  have  made  the  calcula¬ 
tions  with  very  low  residuals  from  the  ccaiputer  programs  and  have 
plotted  this  as  you  saw  in  the  diagrams. 

This  is  not  the  question.  I  certainly  agree  that  your  plots  and 
computations  are  correct— your  tracking  and  everything  else  Is  good. 
The  question  Is.  are  the  motions  representative  of  atmospheric 
notions  or  do  they  represent  a  residual  In  the  motion  or  expansion 
or  heating  of  the  cloud  Itself? 

I  don't  believe  we  have  enough  data  to  answer  this  question  at  the 
moment.  You  have  to  know  mre  about  the  atmosphere— whether  or  not 
turbulence  will  carry  mass  upward  at  a  greater  rate  than  it  would 
carry  it  downward.  If  you're  referring  to  some  sieohanlsm  other  than 
the  tesqMrature  expansion  and  bubble  rise  as  Dr.  Edwards  hypothe¬ 
sises. 

A  Bwre  or  loss  sdcroseopic  look  at  the  atmosphere  In  those  altitude 
regions  In  which  we  have  clouds  would  be  necessary  if  we  are  to  know 
the  effect  which  the  ambient  has  on  the  upward  and  dowtward  aiotlon 
of  the  segaents  of  our  Firefly  douds.  I'm  not  sure  there  is  enough 
known  about  atmospheric  conditions  on  this  small  a  scale  to 
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Dubln: 

Cbaapion: 


•apavttb*  th«  ataospharlo  sffsota  on  tha  olouda  froa  tba  affaots  on 
tha  oloud  Itaolf  duo  to  Ita  taapamtura*  tha  oaniatar  datonat&on  and 
ao  on* 

I'd  Ilka  to  aak  Mr*  Zlanaman  a  qpisatlon*  In  tha  last  sllda  jou 
ahotrad  soom  computations  by  Dr*  Chanplon  and  yoursalf  on  nolaoular 
diffusion*  A.t  hlgtaar  altitude  there  was  a  larger  disorapanoy  be¬ 
tween  theory  and  the  data  than  at  lower*  Can  you  aay  that  your 
gas  klnetloa  oom>utatlon  of  turbulenoe  using  the  diffusion  equation 
la  adequate  for  this  preasure-density  range  In  ttie  ataospbere* 
since  the  gas  kinetic  oonputatlons  do  assume  various  conditions* 
such  as  the  cross  sections  for  scattering*  the' mean  molecular 
velocity,  and  various  Interactions  of  this  nature? 

Well,  I  don't  know  if  1  can  answer  this  too  well  at  the  moment — 
insofar  as  Z  know  Dr*  Champion  should  answer  the  question.  You 
asked  whether  or  not  the  c  rose  sections  involved  axvl  similar 
quantities  can  be  assumed  to  be  those  given  by  the  simple  kinetic 
theories  for  tha  molecular  diffusion*  I  would  say  off-hand,  yea. 

We  have  taken  the  data  for  the  number  density  and  the  temperature 
at  these  altitudes  from  rocket  flights  and  this  in  essence  gives 
an  average  for  the  region  in  question*  Hence,  any  variation  over 
distances  small  with  respect  to  the  averaging  length  will  be  more 
or  less  smoothed  out.  In  this  case  we  can  say  oiu>  results  show 
what  would  be.  If  this  were  a  molecular  type  of  diffusion  rather 
than  a  turbulent  mechanism* 

1  believe  Dr.  Champion  may  have  a  comment  on  this  subject* 

Well,  first  of  all  I'd  like  to  ask  for  a  clarification  of  ttie 
question— it  seems  to  me  It  wasn't  clear  whether  the  question  was 
in  oozmectlon  with  the  calculations  of  molecular  diffusion  or  tur¬ 
bulent  diffusion.  Coxtld  you  clarify  that,  please? 

Basically  what  I'm  asking  is*  can  you  assume  that  your  classical 
diffusion— your  sMlecular  diffusion  equations— are  valid  in  this 
regime  of  gas  IdnetlosT 

Ihen  the  question  is  purely  in  connection  wi^  molecular  diffusion? 
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W«'f«  not  ftlNMlatoljr  aur««  but  I  e«n  toll  you  our  fooling*  V*  eol- 
oulitod  tho  aoloeulor  dlffuolon  by  uolng  thoorotiool  oxproMloM 
•0  glTon  In  Cttopun  and  Cowling  plus  oxporlnontol  toIuoo  for  orooo 
oootlooo  for  oolllolono  botwoon  oodlm  and  air*  7or  eoaltai  and 
air*  I  took  tho  raluoa  for  xonon  and  air  baoo<v!v«  tbaro  woro  no 
orooo  flootlona  gloon  for  oaolna  and  air*  Xonon  baa  virtually  tho 
aaaio  naao*  Tho  twaporaturoa  at  thoao  altltudoa  aro  within  ttio 
rango  In  which  thoao  quantltloa  wore  aoaourod  In  tho  laboratory* 

Tho  proasupoa,  of  oourao*  aro  lower.  I  can  only  aay  that  It'a  tho 
boat  that  wo  oan  do*— %ro  think  that  tho  values  aro  roaaonably  good— 
it  la  quite  poaaiblo  If  we  had  noro  Infomatlon  wo  would  roviao  thoai 
a  bit. 

Yea*  but  your  vlaooslty  problem  comes  in  hare  too* 

X  don't  soo  how* 

Wall*  one  of  tho  basic  ways  of  noasurlng  diffusion  olasaloally  down 
to  prosauros  of  a  few  nlllinetora  la  by  a  vlaooua  toohnlquo  In  tbs 
laboratory* 

Tea* 

And  you  have  a  different  roglao  of  kinematic  viscosity  here  than 
you  have  in  any  laboratory  neaauroments* 

Ro*  This  la  not  true  at  all*  For  ozaBq>lo*  you  know  in  px>eTlous 
standard  atmosphere  studies  values  of  diffusion  ooofflolent  In 
vlaooslty  have  been  stopped  at  90  km*  Tho  reason  for  this  was  that 
mean  free  paths  then  wore  boocadeg  significant  oomparod  with 
dlawnalons  of  aircraft  and  ailssll'is  and  so  on*  However,  as  far  as 
the  motions  In  the  atmosphere  wo  aro  ooncemod  with  are  oonoomod, 
the  mean  free  paths  aro  small  ocmparod  to  the  dimensions  you  aro 
considering  and  this  la  really  tho  only  factor  that  oooms  In.  If 
you're  considering  the  motion  of  a  adssile  through  this  atmosphere, 
you  ooul<hi't  use  that  kind  of  viscosity  oooffiolont.  As  far  as 
motions  In  the  atmosphere  which  Involves  klloawtors  and  hundreds  of 
klloawtors  tiro  oonoomod,  there  Is  virtually  no  ohango* 
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Vo.  May  wa  put  It  nottiar  wayt  I  vuaas  wa  oan't  go  Into  ttaia  for* 
thaVy  but  your  tlna  batwaan  oolllalons  In  tha  gaa  dlfXara  ooosiAar> 
ably  froB  iibut  It  would  ba  dom  lowar  uhara  you  nomally  oonsldar 
tha  Obapaum-Oewllng  ralationahlp. 

Taa.  but  tba  tlna  batwaan  oolllalona  doaan't  oobm  Into  tha  thaory. 
Parbapa  wa  ahould  go  on  to  othar  quaatlona*  Dr.  Namof 
Bara  you  takan  photographa  of  thaaa  rlsaa  and  dropa  that  you  aaa 
with  Intarfaranoa  filtara  to  aaa  that  you  ara  looking  at  aodltaw 
oaaioat  On  what  grounds  can  you  juat  discount  that  tha  cloud  night 
ba  Just  parti culata  nattar*  It  would  ba  vary  taaptlng.  you  know*  to 
Just  say  that  tha  affaots  ware  frcn  particulate  natter  going  up  and 
down  and  falling  and  so  on. 

The  photographs  ware  takan  through  #8?  Wratten  filters  which  would 
out  out  all  radiation  except  the  Infrared.  Of  course*  If  tha  nattar 
Is  particulate  and  is  scattering  sunlight  In  that  region  wa  wouldn’t 
know  tLie  difference.  Howarer*  I  don't  believe  that  wa  ara  looking 
at  particulate  natter;  I  think  this  is  primarily  tha  6521  it  radia¬ 
tion. 

But  you  don't  have  narrow  band  Interfarenoa  filter  photographs  to 
show  thlst 

Yas*  wa  have  them.  We  have  photographed  these  clouds  throufd^  Intar- 
farenoa  filters  which  are  approximately  100  it  wide  at  tha  half 
power  point. 

It  is  also  tha  case  that  tba  optical  density  of  tha  outer  solids  Is 
considerably  lower  in  most  oases  than  that  of  tha  Inner  hot  gaa. 

Tba  inner  hot  gas  is  approximately  a  kllonatar  In  diameter— with  tha 
canter  located  pretty  wall  to  one-half  kilometer  without  much  doubt. 
Tba  particulate  matter  data  that  I  was  talking  about  this 
has  not  bean  used  In  tba  calculation  of  position.  Position  calcu¬ 
lations  ware  made  from  tba  bright  canter  core*  which  grew  nneb 
slower  and  lasted  for  10  to  20  nlnutas. 

Dr.  vnght,  you  had  sporadic  B*  natural  sporadic  g*  occurring  at 
tba  tlna  of  tha  Betsy  flight.  You  showed  a  slide  In  which  you 
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Wright  I 


ZlrawnMuas 


ooMldgrahla  •laotron  dMuitjr  up  to  $  alMitM*  How  pmH 
loogar  do«t  It  go  onT  Did  Botoy  giro  you  a  longor  Iwftiag  aigM* 
tlao  oloud  thaa  athar  ralaaaaa  within  tha  l>ragioot 
Whan  you  aakad  about  tha  duratloni  you  wara  rafarrlng  to  tha  elood* 
not  tha  sporadie  Xf 
Ua. 

Batay  laatad  longar  than  a  night* tlna  oloud  but  Batay  waa*  of 
oouraa«  aunllt  aftar  tha  firat  fiva  hundrad  aaoonda,  ao  It  waa 
aaaantlally  a  dawn  oloud  fron  than  on*  And  it  did  laat  a  long 
tlM.  BowoTor,  I  don't  baliava  that  it  laatad  any  longar  than  any 
of  tha  othar  dawn  olouda. 

How  long  did  thoaa  laat,  rou^yt  Waa  it  $  nlnutaa  or  10  ninutaat 
Wa  obaarvad  it  to  about  3,000  aaoonda. 

Probably  5  Mo.  ratum,  aoaiathing  Ilka  tbatT 

Yaa,  Oanarally  tha  dawn  olouda  tandad  to  fada  out  of  our  antanna 
pattam. 

Bow  about  tha  truly  night  olouda— not  arar  lit  by  tha  aunt 
Tha  typloal  night  oloud  laata  approxiaataly  1,000  aaoonda. 

And  you  had  nona  of  thoaa  ooourrlng  when  you  had  a  aporadio  B  of 
any  kind,  did  yout 

Qulta  tha  contrary,  Waarly  all  of  tha  night  olouda  wara  in  tha 
praaanoa  of  atrong  aporadio  B, 

Wa  did  aoaia  thaoratloal  work  on  tha  night-tiaia  olouda  at  10$  and 
103  kn  and  it  appaara  that  durationa  ahould  ba  200  aao  with  no 
aporadio  B,  It'a  oonoairabla  that  whatavar'a  oauaing  tha  aporadio 
B  night  ba  anhanolng  thla  oloud, 

Thara  waa  only  ona  nlght-tiaw  oloud  in  19^9— Oboa,  Bo  wa  don't 
hara  nuoh  to  ooog)ara  1959  with  I960  ao  far  aa  nlght-tina  olouda  ara 
oonaamad,  but  tha  anount  of  aporadio  B  waa  dlatinotly  laaa  in 
1959  than  in  I960  and  yat  thara 'a  no  iiqportant  dlffaranoa  batwaan 
tha  paraiatanoa  of  Oboa  and  tha  othar  nlght-tina  ahota, 

Hava  you  tri.ad  oorralatlng  this  with  aagnatle  stoma 
upon  tho  aartbf 
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I  bar*  a  alld*  that  I  m  galne  to  ahow  teBorrow  that  will  ibov  MM 
■BOMBt  of  aaviatlo  aetlTlty  and  aolar  aotlTltj  and  ao  forth  Anriai 
both  aariaa*  Ovar>all,  ona  oan  aay  froai  tha  gaaaral  laval  of  naf* 
natlo  and  aolar  aotlrltT'  that  tha  ganaral  laral  of  ahbiant  ionlaa- 
tlon  in  tha  1-raglon  waa  largar  in  I960  than  in  1959* 

Baa  any  thought  baan  givan  toward  coordinating  ona  of  tbaaa  fllgfata 
with  tha  appaaranaa  of  a  auraaillanoa-typa  aatallitat  For  axaapla* 
during  daytlna  tha  baokaoattar  for  Infrarad  or  vlalbla  adght  ba 
appraelably  largar  than  tha  forward  acattar  and  wa  may  ba  abla  to 
battar  dafina  tha  parti oulata  Toluma  frcn  abova  than  froai  b  alow* 
What  la  tha  advantaga  of  obaarrlng  It  from  abova  rathar  than  froai 
balowt 

Tha  baokaoattar  erosa  aaction  may  ba  diffarant  than  tha  oroaa 
aactlon  of  aunll^t  through  tha  cloud  aa  wa  aaa  It  froai  tha  ground* 
There  alao  may  ba  additional  abaorptlon  from  tha  ground  that  wa 
would  not  gat  from  an  obaarvatory  located  wall  abova  tha  cloud* 

I  really  don't  aaa  how*  If  you're  up  abova*  you  gat  anything  differ¬ 
ent  from  what  you  gat  down  below* 

If  you  look  at  tha  aoatterad  flux  coailng  from  a  cloud*  being 
llluadnatad  by  tha  aun*  and  you're  looking  up  at  it*  you're  looking 
at  aaaantlally  90^  from  tha  direction  the  light  la  ooiBlng  onto  thla 
cloud*  If  you  get  up  on  top  and  look  down  at  It*  you're  atlll 
looking  at  90^*  Tha  only  advantaga  la  that  you  don't  have  tha 
extinction  of  an  atnoaphara*  but  the  aoatterad  flux  alone  la  not 
going  to  ba  any- diffarant. 


SHI 


Tuanreasomm  AiDPSonMnsa 


Baward  D.  SdwaxdB  and  John  L.  Brown 

Engineering  Esiperlaent  Station 
Oeorgla  Institute  of  Technology 
Atlanta,  Oeorgla 

rum  photooraphi 
EQpnNarF 

for  most  of  the  firings,  the  K-24  cameras^ were  equipped  with  either  Viatten  or 
Interference  filters  to  Isolate  various  spectral  lines  or  regions. 

SXPERIMgrEAL  BESULIS 

In  Table  1  a  siUaiiary  Is  given  of  the  data  obtained.  Hie  numbers  6^21,  4555,  5093  refer 
to  Interference  filters  with  a  transmission  of  ^0%  and  a  pass  band  of  approxlna-fely  100  &g- 
strons.  The  numbers  25,  150,  58,  47,  35,  and  87  refer  to  Wratten  filters  and  the  notation 
above  the  filter  number  Is  the  color  transmitted.  Pol  V  and  Pol  H  denote  polarold  filters 
which  are  mounted  vertically  and  horizontally  In  front  of  the  cameras .  The  numbers  in  the 
body  of  the  table  Indicate  the  approximate  number  of  minutes  for  which  photographs  were  ta3cen. 
A  dash  In  the  table  indicates  that  the  I'ilter  was  not  used  on  that  particular  firing. 

Discussion 

for  those  shots  on  which  polarold  filters  were  used  (notably  frances,  Hedy  and  Uly), 
the  duration  and  Intensity  of  pictures  Indicated  that  the  scattered  light  coming  from  the 

(2) 

cloud  was  not  polarized.  Densltometric  studies  of  Frances  by  the  photographic  technique^  ' 
(see  Figure  l)  show  the  same  Intensity  for  both  vertical  and  horizontal  arrangement  of  the 
Polaroid  filters. 

Aelatlve  Intensities  for  Peggy,  Susan,  Olive,  Lola  and  Dolly  as  observed  from  5893 
Angstrom  sodium  radiation  and  8521  &gBtroa  cesium  radiation  have  been  plotted  by  the  photo¬ 
graphic  technique  for  times  of  burst,  30  seconds,  1  minute,  2  minutes  and  4  minutes. 


(1)  These  cameras  are  described  In  detail  In  another  section  of  this  report  entitled  "Position, 
Drift  and  Growth  from  Photography"  by  H.  D.  Edvards,  Oeorgla  Institute  of  Technology. 

(2)  This  technique  was  perfected  by  Lt.  Smith  and  Or.  Rosenberg  of  the  Photochemistry  Labora¬ 
tory,  ORD. 
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Betty  WM  vltlble  for  approxtottely  2  alnutes.  It  then  ftded  and  tiuilt  at  the  B  +  4  to 
6  Bln  point  when  the  tolar  horlxon  reached  the  Ct-Ra. 
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flM  iBteacltar  plot*  for  011t«  on  pmontod  la  ngurM  2  aad  3  aal  t/btm  that  aoro 
IntOBM  ooBtors  of  $893  j^icatrca  radlatloa  eolaclda  with  th*  bright  coators  for  8$21  ^ngstrcai 
ndlatloa.  Lola  ud  Suaan  an  alallar  to  Oliva* 

Vtfgff  ahown  in  figures  4-  aad  $>  is  soMWhat  different  since  the  locatioa  of  the  aost 
Intense  sodlua  rsdiatlcn  is  at  tbs  opposite  enl  of  the  cloud  froa  the  Intense  ceslua  radiation* 

fHOlKJfgU 

CWERAL 

Soon  encouraging  results  were  obtained  froa  photoaetrlc  studies  of  clouds  and  shockwaves 
of  the  Firefly  series  in  the  fall  of  19$9  using  the  QRD  20"  pbotoaeter.  fits  prlaazy  drawback 
to  the  Instruaentatlon  was  slow  resj^onse  tine  and  Inability  to  rapidly  interchange  filters  for 
spectral  aeasureaents . 

Ihe  entire  pbotoaeter  system  was  modified  for  the  Firefly  198O  series  to  ellalnate 
these  drawbacks. 


SESCSilFTZOH  OF  EQpiFNarr 

Qie  mounting  and  mirror  system  of  the  OSD  20”  pbotoaeter  fon  essentially  a  reflecting 
telescope  on  an  altaslmuth  mounting  with  a  photoaultiplier  tube  at  the  prime  focus.  !Zhe 
mechanical  modifications  to  the  system  provided  a  rotating  filter  wheel  driven  by  a  synchro¬ 
nous  motor  at  6OO  rpn.  Ihe  wheel  contained  $  equally  spaced  openings  near  the  periphery  which 
would  accept  2"  x  2"  filters.  Provisions  were  Included  for  balancing  the  wheel  to  allow  for 
different  types  of  filters.  A  magnetic  pickup  recorded  the  wheel  position  on  the  final  data 
chart  to  allow  correlation  of  filter  and  signal  |)eak  on  the  data  chart. 

Optical  modification  consisted  of  a  slsq)le  telecentrlc  lens  system  to  provide  a  pi*»M> 
wave  front  for  nearly  parallel  transmlsslan  through  interference  filters.  Ihe  constants  were 
such  that  the  relative  aperture  of  the  photoemter  was  not  lowered,  and  — deviation  from 
parallelism  of  wave  front  and  filter  surface  was  only  7*  for  a  1  degree  photometer  field. 

Electronic  modifications  Included  the  use  of  photoaultiplier  aa^Uflers  with  loga¬ 
rithmic  amdltude  response  and  better  than  10  millisecond  rise  time.  Ibe  output  was  fed  into 
a  model  II06  vlslcorder. 

Both  the  Dumont  6363  and  CBB  1002  photoaultiplier  tubes  were  used.  These  tubes  have 


the  S-U  npectral  response 
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flor  ■hoelownw  stndlM  Wm  ghotoarttr  «m  atnA  In  moqsImm  vltb  wlaiMH 

•Xmtloa  tiWKMB  V  of  CMtentad  cItdIm  on  tho  nount.  tiaiiic  a  l/S  dofTM  flnld  It  VM 
eonoltorod  mllko]^  ttiat  tlw  tcImm  vouIA  ovnr  oeonr  In  tbo  fioU  of  tIow.  Bilo  yaramd  to  1w 
tziM.  iU  tb*  Aookmm  mand  throui^  tha  floU  of  Tl«r  Ita  onlsolan  wmlA  1»  nplUjr  aaiyloA 
tgr  tlw  xotatlng  filter  vbMl  eontalnlnc  intorfiomio*  flltom. 

Tor  aolar  oeattor  MaaamMnts  the  photewotar  vaa  alnad  Iqr  a  aliAiting  talaaeopa  at  tba 
brl^taat  rlalbla  part  of  tba  cloud.  Ow  fUtar  vhaal  uaa  aquljpad  vltb  Wrattan  ftltarc  to 
aaapla  varloua  zaglana  of  tba  apaetzun. 

SQUll  SGAims  lOBDin 

■ach  ahot  vlU  be  dlaeuaaad  aepazataljr. 

(1)  giaacaa.  Tor  tbla  ahot  no  flltara  vez*  uaad)  tba  fUtar  vhaal  vaa  atatlooazjr  In 
the  opan  poaltlon.  Ai^lltude  zaaponae  veraua  tine  fzon  burat  aza  aboun  In  Tlcnza  £• 

(2)  Idly.  Vzattan  flltara  noa.  S3f  3S»  and  56  vara  uaad  on  tbla  rikot.  Balatlva 
a^pUtudea  In  the  varloua  apectzml  zeglona  aza  aboun  in  Hguza  7.  >0  zaaponaa  vaa  zaeozdad 
fzon  filter  no.  25  alnce  the  pbotonultlplier  tube  haa  vezy  lov  zed  aenaltlvltgr. 

Itlljr  vaa  obaerved  at  an  elevation  corzeqpcndlng  to  an  optical  air  naaa  a  ■  1.  Iron  the 
aolar  apectzal  Izvadlance  curvea  the  ratio  of  tliOO  ){  to  5300  St  for  n  >  1  la  approodnataljr  0.8. 
Iheae  vaTclangtha  cozzaapond  to  the  transniaBiaa  paaka  of  VZatten  flltara  noa.  kj  and  58.  Bw 
initial  aaplltude  ratio  of  tbaae  filter  reopoaaea  la  about  I.06.  Bila  Indloataa  a  higher  Mkw 
reaponae  than  the  aolar  curve.  A  particle  alae  analyala  of  tba  88  2  aatarlal  above  that  appron* 
Inately  of  the  partlclea  are  leaa  than  I500  X  In  else  and  therefore  effective  la  acatterlaf 
at  the  bltie  end  of  the  apectrun.  Ibla  nagr  account  .for  the  high  blue  raapenaa. 

(3)  Hedy.  Vratten  fUtera  noa.  25^  35^  ^7  and  58  vere  again  uaad  and  tba  raaulta  are 
Bhewn  In  Tlfuze  8. 

Bw  zatlo  of  47  to  58  filter  reqponaa  la  O.56  Indicating  a  higher  a^pUtnda  la  tba  5300  St 
raglon  than  that  of  tha  aolar  curve.  Bw  particle  alaa  analyala  fbr  the  008  aatarlal  than  tha 
alia  of  gzaataat  fregjuencjr  to  be  around  2500  S  vltb  6Bfl  of  tha  partlclea  balov  5£00  St,  *i»ia 
alia  vould  be  nozu  affaotlw  la  acattarlng  in  the  range  covarad  bgr  tha  Krattan  56  filter. 
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I960  rtlMUMa  wax*  dlaanotatliig  froa  tha  Tlai^oint  of  aboekMiTa  oliaaiTatloiia  ahan  ooa- 
parad  to  tba  I999  aarlaa.  Wa  did  not  otaarva  a  alacla  olaar  dlatlnet  abod;  ring  aueh  aa  aaa 
otaarvad  on  aaraial  of  tba  1999  ralaaaaa* 

Banea  tha  pbotaaatar  vlth  Ita  naxrov  flald  of  rimt  and  Intarfaranea  flltara  did  not 
hara  aa  opportonltgr  to  zacord  auicb  In  the  nay  of  ahockmvaa.  Bw  only  abot  on  ahleh  a  poaalbla 
ahoekmva  vaa  obaanad  waa  Aacr  and  for  It  tba  obaertatlona  aza  atiaaga.  Oia  aboekmaa  aaloeltgr 
la  approxlantaljr  10  ki^aac  vhlcb  la  tvlca  aa  fbat  aa  tboaa  obaarvad  In  1999>  ^or  tba  Aigr  flr^ 
log  tba  filter  vhaal  vaa  a^pped  vlth  a  filter,  at  390O  &gatrcMi  to  laolata  tba  flrat 
sagatlve  band  and  another  at  tl20  jngatraaa  to  neaaura  aky  background  near  tba  3900  band. 

Tvo  additional  fUtera,  one  peaked  for  the  osygen  green  line  at  9977  lingatroan^  tha  other  for 
background  obaervatlona  at  5360  &igatraaa,  vere  Inatalled  In  the  filter  vhael. 

All  flltera  vare  recording  ateady  algnala  due  to  background  prior  to  the  aboekuave 
tranalt  aa  ehown  in  the  flrat  aerlea  of  bare  In  figure  9«  During  tha  ahockwaTe  tranalt  the 
aaqpllfled  output  froai.tbe  flltera  varied  conaldezably.  Between  B  +  1.1  aec  and  B  1.2  aee 
the  output  froa  the  5577  filter  cOnoat  doubled  aa  did  that  for  the  536O  Aagatroa  zaglon.  Bta 
output  fron  the  hl20  filter  and  the  unfUtered  channel  alao  Increaaed.  Between  B  +  1.2  aec 
and  B  +  1.3  aec  there  vaa  a  decline  In  output  froa  the  5360  and  5577  flltera  aa  veil  aa  the 
open  hole.  However^  output  froa  the  4120  and  3900  reglona  ahowed  a  rlae.  Between  B  +  I.3  aee 
and  B  1.4  aec  the  output  froa  the  4120  jngatroa  filter  increaaed  by  6  fold  and  the  '5577  bgr 
50](  over  Ita  previous  value.  Ibe  opening  without  filter  ahowed  a  deczeaae  In  ou^ut.  Obvloualy 
the  open  hole  could  see  acre  radiation  than  the  4120  filter,  hence  It  la  cooeludad  that  the 
4120  and  9970  signals  vere  either  spurious  or  of  such  short  duration  that  the  change  In  Inten¬ 
sity  took  place  In  less  than  l/lOO  sec.  After  B  +  1.5  sec  all  filters  returned  to  nozaal  back¬ 
ground  reading. 

A  wide  angle  tmfUtered  pbotoaeter  was  adjacent  to  the  filter  wheel  pbotoaeter  and 
observed  the  saae  tvo  strong  peaks  at  approxlaately  B  I.I6  sec  and  B  '«•  I.35  aec. 

Calculations^  have  shown  that  the  ojgrgen  forbidden  transition  at  5577  X  would  likely 
occur  In  the  shoclcuave.  In  spite  of  the  apparent  agreeaent  vlth  theory,  it  la  unwise  to  con¬ 
clude  that  the  5977  radiation  vaa  present  In  the  Ai^r  release.  It  la  hoped  that  1961  relsaaea 
will  clear  soae  of  toe  ^yaterlss  vhlcb  now  exist  la  shockwave  spectral  characterlatlcs. 


(3)  "fosltlon,  Orowth  and  fifpectral  DlatrllutiQS  froa  Ibotogzaptay  of  firefly  1959  Cbaadoal 
Clauds,  *  fedinlcal  Haport  lo.  4,  Ocntsaot  Bo.  AT  19(6c>4)-54^,  15  1960.  H.  S.  Bduards. 
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A  Buuch  and  latib  plana  trananlaalcm  grating  with  600  groovaa/m  and  tlased  for  a  flrat 
order  wavelength  of  5?00  S.  vaa  aounted  In  front  of  a  35  m  ^reno  movie  caaeta>  Bm  eaawia 
waa  equipped  with  an  f/l.l  50  m  llkon  lens  and  used  Bojal-Z  Becordlng  fllao  Ibe  grating  and 
novle  caneva  were  used  without  a  slit  and  hence  the  full  teage  of  the  flrefljr  cloud  was 
focused  on  the  film. 

Ibe  equipment  was  Installed  on  the  searchlight  camera  mount  at  site  r~Z  and  the  camera 
operated  for  about  60  seconds  per  firing  at  4  frames  per  second. 

EZTZRIMBnAL  RESULTS 

Spectrographic  coverage  was  provided  for  all  Firefly  shots  beginning  with  Oerta  and 
extending  throufdi  Olive.  Spectra  were  recorded  for  Jeannle,  Margie^  Lola^  ^S8F>  Susan  and 
Olive. 

The  spectrograms  taken  of  Peggy',  Susan  and  Jeannie  show  only  a  continuum  while  those 
for  Margie,  Lola  and  Olive  show  several  lines  In  addition  to  the  continuum. 

Identification  of  the  lines  Is  in  doubt  due  to  misalignment  of  the  grating. 

Ho  atteiq)t  bos  been  made  to  Include  prints  of  the  spectrograms  since  the  lines  are 
faint  and  reproduction  would  undoubtedly  be  Ineffective. 

A  detailed  description  of  the  spectrum  as  a  function  of  time  'will  be  gl'ven  for  each 

shot. 

(l)  The  spectrum  recorded  for  the  burst  frame  (l/4  sec  >  time  >  O)  shows  a 

continuum  of  medium  intensity  but  no  evidence  of  lines. 

By  the  second  frame  (l/S  sec  >  time  >  l/k  sec),  the  spectrum  became  fhlnter.  This 
fading  continues  until  the  spectrum  Is  very  fUlnt  at  3  seconds  after  release  but  Is  still 
visible  for  the  duration  of  camera  operatioo  or  60  seconds. 

(2}  Susan.  The  spectrum  of  the  burst  frame  shars  a  faint  cootlnunm  with  no  lines. 

The  spectrum  rapidly  fades  and  Is  no  longer  -visible  1  second  after  burst. 

(3)  Jeannie.  The  spectrum  of  the  burst  flame  shows  a  brl^t  continuum  with  no  lines. 
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9w  ■pactruB  gran  Atlnter  with  tiac  aad  bu  dlMppaared  tj  $  neooA»  after  buret. 

(%}  Ifawtle.  Bw  epectrua  of  the  burst  fruse  shows  a  brlsbt  contlBUUB  as  well  as  3-6 
bands  or  lines.  Ihe  Una  spectrun  has  disappeared  bgr  the  second  fnuse  or  vltbln  the  first  l/k 
second  after  burst.  Xbe  continuous  spectrun  renslned  for  the  duration  of  novle  caaara  opera¬ 
tion  or  60  seconds. 

(?)  tola.  Bie  spectrun  of  the  burst  frane  has  a  bright  contlnuun  as  veil  as  10-15 
bands  or  lines,  for  the  2nd  frane  (l/s  sec  >  tine  >  l/4  sec),  the  spectrogran  shows  the  sane 
contlnuun  and  lines  as  for  the  first  frane.  By  burst  plus  1  second,  the  llies  have  disappeared 
but  the  contlnuun  renslned  throughout  the  observing  tine  or  60  seconds. 

(6T  Olive.  Ihe  hurst  frane  contains  a  contlnuun  as  veil  as  two  bright  lines.  By  the 
second  frane,  or  vlthln  the  first  l/k  second  after  burst,  the  lines  have  disappeared  and  only 
the  contlnuun  renalns.  Ihe  contlnuun  dlnlnlshes  In  Intensity  and  disappears  by  burst  plus  2 
seconds. 


DISCUSSION 

In  coaparlng  our  crude  but  short  exposure  tine  spectra  with  the  more  refined  but  long 
eo^sure  tine  measurements  made  by  Dr.  C.  D.  Cooper  of  the  University  of  Georgia^  and  re¬ 
ported  to  the  firefly  group  In  October  19^^  a  number  of  Interesting  differences  are  observed. 

Ihe  ejqwsure  time  for  our  spectrograns  was  less  than  l/U  second  and  the  canera  operated 
at  4  frames  per  second  whereas  Or.  Cooper's  spectra  were  obtained  with  exposure  tines  greeter 
than  10  seconds. 

On  the  six  firings  for  idilch  ve  have  coi^curable  data,  the  two  sets  of  data  are  n^'t  In 
complete  agreenent. 

For  Nsrgle  ve  observed  a  bright  line  spectrun  as  veil  as  a  contlnuun  for  the  first  l/4 
second.  Ihereafter,  ve  observed  only  the  contlnuun,  or  solar  scatter.  Dr.  Cooper  observed 
only  the  contlnuun. 

Tor  Lola  ve  observed  line  spectra  for  the  first  l/2  second  and  thereafter  only  the 
contlnuun.  Again  Dr.  Cooper  observed  only  the  contlnuun  or  solar  scatter. 

For  Peggy,  Susan  and  Jeannle  ve  observed  only  contlnuun  idiereas  Dr.  Cooper  reports  lines 
due  to  Ba  and  Cs  and  bands  due  to  AlO. 

For  Olive  ve  observed  two  bright  lines  during  the  first  l/k  second  aad  thexeafter  only 
(l)  See  report  by  Dr.  Coopfr  In  this  publication. 

10  It 


tlw  emtlanw.  Or.  Ooopcr  fbantl  Hum  firm  Ca  aad  u  mil  m  Itante  of  AlO  tat  mxy  Uttla 
■olar  scatter. 

TUrtber  attsapts  vUl  ta  aada  to  Idantlfy  our  spsetral  lints  aad  ths  rssults  eonvarsd 
to  Or.  Cooper's  aad  other  spectral  data. 
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C*  OnMjr  C««p«r 

fbgraiea  DtpcrlMnt 
OotTMTai^  of  Oaorgla 

AB8TRAJCI 

Spaotrocraaa  of  tho  PK  and  ISO  ralaaaoa  iboir  tha  raaonant  linaa  of  aodiun*  oaatua 
and  la  aoM  oaaaa  litiiiua*  AlO  ia  dataotad  in  a«aa  of  tha  ralaaaaa  and  tha  banda  ara  aaaifBw 
ad  to  tha^A  traaaltion*  Balatiaa  iatanalty  MaaoraManta  of  tha  oaaliai  4688A 

and  dSSSA  linaa  indioata  that  tha  axeitation  of  thaaa  linaa  ia  not  aatiraljr  dua  to  raaonant 
aoattaringt 


1.  BQUiniXRr 

Ralaaaaa  of  ohanioala  in  tha  uppar  atnoaphara  nay  ba  atudiad  by  tha  light  nhioh 
lhay  aait  or  aoatter.  Spaotrograaa  of  tha  obaarvad  light  oan  proaida  infomation  ralatiaa  to 
tha  oonpoaition  of  tha  anbiant  and  tha  produota  reaulting  froB  the  ralaasaa.  Spaotrographa 
«hioh  uaa  alita  proaida  tha  naxlnua  apaotral  infoomation^but  thair  total  li^t  gatharing  poaar 
ia  llnitad  by  tha  antranoa  alit.  Tha  following  apaotrographa  war#  uaad  in  tha  atatad  apaotral 
ragionai  rialbla  •  f/l.S  oaaara  lana  with  a  flxad  60  aioron  allti  TiaiblOf  atroral  typa*  f/0*6 
Sohnidt  iypa  oanara  lana  wiih  an  adjuatabla  aliti  and  in  tha  ultrariolat  •  f/2*5  oaaara  lana 
with  a  flxad  60  aioron  alit.  lalaaoopio  lanaaa  wara  uaad  to  iaaga  tha  light  on  tha  allt  and 
tha  Clald  of  alaw  waa  about  ona-half  of  a  dagraa.  For  the  earlier  axperiaanta  an  attanpt  to 
uaa  tha  auroral  apaotrograph  aa  a  apaotromtar  failed  to  record  tha  daairad  apaotra* 

2.  BPKRIUBBXAL  RSSDLSS 


A.  ^^aotra  of  Rookat  Ralaaaaa. 

^^trogrivhio  oowaraga  waa  providad  for  all  of  iha  ni^t  or  twilight  ralaaaaa. 
fl^otra  wore  raoordad  for  IK  or  TK  ralaaaao  only.  All  other  ralaaaaa  fallad  to  produoa  a 
dataotabla  axpoaura  on  tha  apaotrographlo  film.  Aron  a  alaual  Obaarwation^tlia  glow  whioh 
paraiatad  for  fiiboat  two  ntaitaa  for  iagr  ahould  hawa  haan  raoordad  by  our  apaotrograph  if  ij— 
or  band  onloaiona  wara  pradoiinata.  Tha  failure  to  dataot  a  apaotrua  Indtoataa  that  the  glow 
rapraaanta  a  oentiauihN  Sto  obaaraad  ^aotral  linaa  for  oaoh  rookat  are  ahoan  in  labia  I. 
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Xiw  raiomet  liaet  of  oofluiu  aodi\ai«  *04  lithiia  iraro  to  bo  oxpooted  from  prooodisg  oxporl- 
■onto  if  ttw  rntoiM  «oro  proaont  ia  tha  rolooao*  Tho  appoaranoo  of  tba  AlO  banda  ooaftnu  aa 
oarllor  obaortatloa^  of  a  baad  at  4850A  whiob  maa  tontatirely  aaaignod  to  AlO*  Tha  uao  of  1 
aad  2  ma  alita  oa  tho  auroral  ai>oetrograph  farorod  tho  rooordiag  of  baada  or  ooatinua  and  pro- 
duood  throa  groupa  of  tho  AlO  banda  aa  ahoom  In  Fig.  2.  K^t  dlfforont  olbratioaal  banda  aro 
bbaorrod*  Tho  AlO  4842  band  aa  obaorrad  with  tho  60  mioron  alit  apootrogn^  ia  ahown  in  Fig« 
1  for  tho  Suaan  roloaao.  AlO  radiation  waa  obaorrad  for  a  period  of  8.5  adnutoa  following 
tho  burat. 

Oonaralljr  tho  f/l.8  riaiblo  apootrograph  with  tho  60  mioron  alit  waa  uaod  to  pro- 
Tide  rolatiro  intonaity  data  for  rarioua  atoado  linoa.  For  Joannlo.  a  Kodak  Typo  108A-0 
film  waa  uaod  aad  tho  roaulta  abow  tho  468fiA«  46984.  and  S876A  ooaiua  linoa  to  tero  tba  ro¬ 
latiro  intonaitioa  16.  5.  and  1,  roapootiroly,  Oaually.  Typo  103A-P  film  waa  oi^loyod  and 
tho  firat  ojq^ttro  of  6  minutoa  waa  followed  by  auoooaoira  ojqpoauroa  of  2  minutoa  oaoh.  Tho 
iatonaltloa.  on  aa  arbitrary  aoalo.  of  tho  obaorrad  linoa  aro  proaontod  in  Table  II  for 

^Frojoot  Firefly  1969.  Part  Zi  Optioal  Studiea.  Oeophyaiee  Reaoaroh  Direotorate.  AFCRC.  ABIX; 

Bedford.  Mua*.  Pago  FI. 
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Zatmiai^  date  oaunot  te  obteimd  frcn  tha  ap*etroip«M  tehaa  with  tea  auroral 
■paotrcgraph  baoauaa  tea  liaaa  of  iataraat  are  atrcosly  orarwqpeaad*  Boaatar«  it  aaa  ba  aaid 
teat  for  tha  firat  80  aaooads  on  Suaan  tee  total  radiation  Aron  tea  AlO  Innda  ia  greater  than 
teat  fron  aitbar  of  tea  riaibla  oaaiun  or  aodiun  liaaas 

Xha  teraa  loar  altitude  ralaaaaa*  Uargia*  Maria*  and  Lola  afaov  only  oonUaua  uliioh 
appear  to  bo  aolar  aoattar.  Oafinitaljr*  Lola  aotad  prlnariijr  aa  a  aolar  aonttarar  as  ia  in* 
dioatad  by  tea  atrong  Araunhofar  lines  ia  tea  properly  aapoaad  spaotregrsn*  Qfsr  aaqposura  an 
bote  Maria  and  Marcia  prarants  tea  distiaguishiac  batsaaa  a  ooatlanw  and  solar  asatbar  during 
tee  first  tso  or  teraa  ainutas.  It  is  of  iataraat  to  note  that  oonsidorabla  solar  aoattar  nas 
obsorrad  fron  Bagiy  along  «ite  rasomoioa  radiation  fron  Ma  and  Cs»  Base  aw*  Olita  teish  ms 
only  4  taa  higher  shosa  nary  little  solar  soattar*  sea  Fig.  >. 

Bafarriag  agala  ta  Xsbls  Z*  m  so#  teat  additional  apsotra  lines  or  bands  mre 
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dbMr*v4  ter  ftogr  ud  ^Munia*  Of  th*  linaa  raeordad*  tha  dadS.  6ti0«  and  6SM1  llaaa  aM 
obaanrad  an  bath  a^atragraM*  lha  arrar  in  tha  aaiaalaostha  af  thaaa  liaaa  deaa  aet  anaai 
SlQi. 

B*  Bpaatra  af  Qround  Taat  Balaaaaa  af  BEDC*  Al  and  OaK^* 

Mr.  Mm  Braaa  af  Oaar(la  faeh  abbainad  apaatra  af  aarlaua  axplaa^Ta  A1  t  CaMOj  taab> 
typa  ralaaaaa  durinc  tha  azpariaaatal  sroiad  taatlad  pragraa.  Ik  aldad  la  tha  aaalgraia  af 
thaaa  apaatra.  Our  aoad>iaad  affarta  ahaa  that  tha  taat  ralaaaa  did  not  praduaa  a  apaatrua  af 
toniiad  oaalua  aa  rapartad  aarliar  hgr  Arthur  S.  littla*.  Arthur  D.  Uttla  hac  raahaahad 
thair  apaatra.  and  fauad  that  thalr  arlgliial  apaatra  naalgnaanta  war#  inoarraet  and  only  Cal 
linaa  arara  obtalaad.  In  tha  aarliar  raport,  thay  bad  natad  that  thara  mm  inauffielaat 
anargy  aaailabla  fron  tha  ebaaioal  raaotion  to  praiuoa  tha  axeltad  oaaiua  iona. 

Tha  apaotra  obtalnad  in  tha  taata  ahocr  that  lavala  within  0.2  a.T.  of  tba  ioniaa* 
tion  lawal  of  oaaim  ara  azoltadi  tharafora.  wa  oan  oonoluda  that  ooaiw  iona  would  ba  fona- 
ad  in  tha  aiploalon.  but  thara  la  no  aaldanoa  for  tha  aziatanoa  of  axoitad  oaaimi  iooa. 

S.  DISCnSSIOH 

Tha  raoordad  raaooant  linaa  of  aodliaa*  oaaiua.  and  lithiua  aarva  to  ahow  whathar 
thaaa  aubatanoaa  wara  praaant  in  thair  atonio  atataa.  SalatiTa  intanaity  aaaauraa»Bta  of 
aarloua  atoBto  linaa  can  ba  luad  to  ohaok  on  tha  typa  of  axoitation  naohanlaa  intolwad. 
Aooording  to  tha  known  f  aaluaa  tha  Intanaity  ratio  of  tha  469fiA  and  4698A  liaaa  ahould  ba  4 
to  1.  Buooaaaira  a^oauraa  for  tha  aama  rookat  ahow  that  tha  ralatiwa  intanaity,  of  thaaa  two 
liaaa  ia  about  2  to  1  for  tha  firat  fiwa  idnutaa  and  gradually  inoraaaaa  with  tiaa  to  about  6 
to  1.  For  Dolly  and  Suaan  tha  466fiA  lina  inoraaaaa  in  intanaity  for  tha  laat  axpoavra  (aaa 
Tabla  II)  and  tha  469SA  lina  ia  baraly  dataotabla.  At  firat  ai^t  it  would  aaan  that  tha  data 
on  tha  firat  a^qpoavraa  oould  ba  intarpratad  to  naan  that  tha  oloud  la  danaa  ancugh  to  abaorb 
and  aoattar  all  of  tha  46SGA  radiation  idiioh  antara  it.  Ihia  hypotitaaia  braak  down  wbanaaor 
wa  nota  that  tha  Intanal'^  of  tha  4566A  lina  ia  not  aa  graat  aa  that  of  tha  aoditai  689S  lina. 
If  all  of  tba  aaailabla  4S66A  radiation  waa  aoattarad.  tha  intanaity  of  thia  wawalangth  ahould 
ba  much  graater  than  that  of  tha  689SA  lina  baoauaa  about  9^  of  tha  66981  aolar  radiation  ia 
abaorbad  by  tha  aun'a  atnoapbara  and  a  Ca  46561  Ikaunhofar  abaorptlon  lina  haa  not  baan  db> 

^FToJaot  Flrafly  19d9«  Bart  II.  fla^^aioa  Eaaaaroh  Diraotorata.  AFCBC.  ABDC.  Badferd, 

Maaaaohuaatta. 
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Mrvt4  la  Mlar  ra^tioe.  A  MttafMtocy  axplaBatlaa  of  Hw  r«oord>d  aurlatton  la  rala» 
tlta  latwaaitla*  with  tia*  la  not  roadily  avaiiablo*  but  tba  data  ladloata  that  tha 
axeltatloB  aaohaalaB  for  tha  blua  llaaa  of  ooalm  la  oaly  partly  dua  to  raaoavit  aoattar- 
lac* 

Tha  appaaranoa  of  AlO  baada  ahoaa  that  AlO  la  oftan  a  by-produet  of  Ite  BEK, 
altadauB*  oaidiai  altrata  raaotloa.  Tha  paralatanoa  of  thla  radiation  for  8  er  4  alautaa 
indloataa  that  it  roaulta  froai  a  raaoaant  aoattarlng  of  auall^t*  Tha  obaarrad  boada  ara 
Ilia  0,0}  1,0}  0,1}  1,1}  8,2}  2,1}  8,2}  and  8,8  banda  of  tha  A  ^  X  ^  ^  tranaltlon. 

If  obaaloal  ralaaaae  oan  ba  plannad  whioh  will  ralaaaa  prlaarlly  AlO,  than  Ita  apaotrtai  oaa 
ba  uaad  to  datanaina  tha  toapcratura  of  tha  i^par  ataoaj^ra*  A  apaotrograph  witii  auffloiant 
diaparalott  to  roaolra  tha  rotation  llnaa  oan  bo  uaad  to  dataralno  rotational  lino  Intonaitlaa. 
Ibaaa  data  oan  ba  uaad  to  dotomlna  tha  taaporatura  for  tha  ralaaaa  altltuda* 

from  a  praotloal  point  of  Tiaw,  tha  trail  of  aoUd  fual  rooteta  irtiloh  uaa  alualniai 
ahould  ba  ohookad  for  tha  praaanoa  of  AlO* 

Uoat  of  tha  rad  linaa  uhioh  wora  obaarTOd  for  Fogey  daannia  ara  atill  unaaaign- 
od*  Two  of  tha  lima^  dSOfiA  and  886QA,  ara  aaaignad  aa  tba  oxygon  rad  llnaa  uhioh  ara 
uaually  obaarvad  In  tha  night  air  glow* 
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Nmt  bfrarcd  Photometry  of  Artlflctal  Clevdo 


RodtotieB  Eftocta  Braadi 
Tboxmal  RadtoHop  Laboratory 
Air  Force  Cambridge  Reaearcb  Laboratorica 


Summary  Prepared  by: 

Ralph  O.  EldrUge* 
Technical  ^eratlone,  Inc. 
Burlington,  Maas. 


JohnD.  Armltage,  Jr.** 
Radlatlra  Effecta  Bran^ 
Thermal  Radiation  Laboratory 
AFCRL,  Bedford,  Maaa. 

and 


J.  H.  Taylor  t 
J.  J.  Freymouth 
J.  L.  Streete 
Southweatem  at  Memphis 
Memphis,  Tenn. 


The  brightness  of  solar  Illuminated  artificial 
clouds  as  a  function  of  time  Is  presented.  The 
spectral  region  of  observation  Is  0. 8  to  2. 3  nolcrona 
wavelength.  The  attenqtt  to  Infer  a  spectral  change 
with  time  resulte  In  approximating  that  which  would 
result  with  or  from  a  rising  sun. 


*  Supported  by  Contract  AF  19(804) -6 140,  Thermal  Radiatien  Laboratory,  AFCRL. 

**  A  more  complete  technical  report  on  this  data  la  being  prepared  by  Project  7874, 

"  Thermal  Radiation  from  Nuclear  Weapons",  for  subsnlsalon  to  the  Defense  Atamle 
Support  Agency  (DASM. 

t  This  research  was  supported  by  Contract  AF  19(804) -49S3,  Thamaal  XadlatloB 
Laboratory,  AFCRl^  funded  by  die  1>ASA  throng  Project  7874,  "TheiMl 
from  Nuclear  Wagons".  A  comprehanslTe  report  Is  available  In  the  Quarterly 
Status  Report  dated  1  January  1981. 


m? 


M«asar«m*nU  o(  llw  Mar  lafrarad  radtetton  from  artificial  clouda  above  100  Km 
altitada  ware  mada  dnrisf  Project  firefly  by  Project  7674,  "Thermal  Radiation  from  Nuclear 
Weapons  and  Environmental  XZffecta. "  Data  were  obtained  by  two  groups:  the  Radiation 
Effects  Branch  of  the  Geophysics  Research  Directorate  (John  Armltage**)  and  Southwestern 
at  Memphis  (Dr.  John  Taylor  1. 

The  Geophysics  Research  Directorate  team  used  a  radiometer  built  by  Technical 
Operations,  Inc.  This  Instrument  employed  a  PbS  detector  which  viewed  the  artlftclal  cloud 
through  a  60-ln  "Search  Light"  optical  system.  The  collecting  optics  and  the  1-ln  square 
detector  were  so  configured  that  the  field  of  view  was  2.  4  degrees.  Provision  was  made  for 
rotating  a  series  of  transmission  filters  between  the  detector  and  the  90  cps  chopper  assembly. 

The  radiometer  operated  by  Southwestern  at  Memphis  used  a  10  by  10  mm  PbS 
detector,  and  a  60-lnch  focal  length  mirror  system  resulting  in  a  square  field  of  view  of 
0.  372  degrees  on  a  side.  Transmission  filters  were  also  introduced  In  front  of  the  PbS 
detector. 

Figure  1  shows  the  detector-filter  spectral  response  of  the  Geophysics  Research 
Directorate  radiometer.  Figure  2  shows  the  response  of  the  Southwestern  at  Memphis 
rudlometer  with  2.  2  preclpltable  centimeters  of  water  considered  as  an  additional  filter. 

Qhserved  Brightness  Data 

The  observed  near  Infrared  radiation  data  are  plotted  as  brightness  (watts  cm"^ 
ster"^)  as  a  function  of  time  (in  seconds)  from  release  of  the  cloud  materUl.  The  reduction 
of  the  energy  to  a  brightness  represents  an  approximation  because  no  consideration  has  been 
given  for  the  extinction  of  the  radiation  by  the  intervening  atmosphere  or  the  fact  most  of 
the  "clouds"  did  not  fill  the  InstrumonUl  field  of  view  of  2. 4  °  for  at  least  the  first  50  seconds 
of  existence;  and  in  some  cases  not  until  200  seconds  had  elapsed  after  release.  This 
situaUon  is  not  true  ^  the  case  of  the  dau  observed  by  Southwestern  at  Memphis  since  their 
radiometer  had  a  smaller  field  of  view.  Jack  Taylor  approximated  the  atmospheric  path  by 
assuming  the  presence  of  2. 2  cm  of  preclpltable  water  and  appUed  this  to  Ida  filter  factor 
corrections. 
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Tb*  brighlB«sa  nMasurMarata  for  poitt  oloctron  clooda  IKTIT  nOMiT 
prosoBtod  to  Figvro  3.  It.  hM  bom  todlcatod  that  BETSY.bacama  avnUt  after  abawt  500 
saceada.  Tba  pbpalcal  paraoMtera  of  boto  clouda  ara  atoallar  aod  It  appoara  teat  Ibalr 
brlfl^taaaa  will  approach  atodlar  aabtaa  at  about  1000  aacooda.  Tba  brlf^laoaa  of  HlAAt  • 
"trail  alactroa  ctond"  la  alao  tocludad  for  vlaual  eoaapartoOB. 

Tba  aaparatloB  of  an  artificial  cloud  tote  dlattoet  parta  la  llluatratad  bjr  tba 
brigbtaaaa  maaattramaata  of  PEQQY.  Flgura  4.  toapactlou  of  aoBM  pbotegrapba  todlcate  tola 
te  not  as  uncommoB  occurranca.  Tba  daHwltlon  of  toa  "baa#*  of  tola  cloud  aa  dlattoet  froaa  Ita 
"tail"  la  mora  obvloua  to  tofrarad  pbotograpba.  Tba  brl^toteaa  of  tba  tallappaara  to  dacap  at 
a  ragttlar  rate,  wharaaa  tba  haad  appaara  to  grow  to  brlgbtoaafi  after  Z50  aaeouda.  Tba 
itootograpba  abow  tba  "baad  and  tall"  bacoma  dlattoet  after  about  45  aaconda  and  tba  baad  grown 
to  brlghtnaaa  after  aoma  100  aaconda.  Tba  "Tall"  aactlon  fllla  tba  flald  of  vlaw  of  too  toatru- 
mant  after  tba  flrat  40  aeconda.  Itb  only  after  about  200  aaconda  that  tba  "baad"  approaebaa 
a  alaa  that  will  fill  tba  flald  of  vlaw.  Tbla  la  conaldarad  toa  raaaon  for  toa  ratbar  abBoraaal 
ebangaa  to  brlghtnaoa  of  tba  "haad"  aaetloB  of  tba  cloud. 

In  tba  naxt  Flguraa,  S  and  4,  tba  brigbtaaaa  obaarvatlon  of  MiBQlE  by  tba  radio- 
matara  eparatad  by  GRD  and  Sonthwaatam  ara  praaantad  to  that  ordar.  Rafartog  now  to 
Flgura  5,  a  rather  totaraattog  phanomana  raaulta  aa  tba  d»ud  paaaad  nearly  between  tba  moon 
and  the  obaarvlag  point.  The  artlflelal  cloud  appaara  to  aaparata  into  two  parta  altar  about 
250  aaconda,  and  after  a  lapaa  of  300  aaconda,  one  aactloB  drifted  into  cloaa  prontoalty  to  the 
nuMO.  Thla  cloud  a^Uta  an  tocraaae  In  brlghtnaaa  ^itoich  can  be  atelbutad  to  the  forward 
acattarad  flux  from  the  moon.  Inapactlon  of  tba  change  to  brlghtnaaa  wlto  time  Indlcataa  that 
the  contrlbutioB  of  the  forward  acattarad  flux  la  bacomtog  avldant  at  laaat  at  a  ttoaa  of  about 
200  aaconda. 

The  brlghtnaaa  maaaurad  by  Southwaatam  wUla  obaaratog  MAwniw  ««  ahown  to 
Figure  4.  mtbout  formal  knowladga  of  tba  pradaa  portion  of  toa  cloud  which  waa  batag 
obaarrad.  It  appaara  that  thla  toatrumant  waa  alawtog  too  brl^dar  pertton  which  paaaad  near 
the  moon. 
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TIm  brlghtavM  cf  s«r*nl  tjrp**  of  ortUtdol  porttculoto  cloodo  arc  plotted  la 
Figaro  7.  Of  parttcolar  latoroot  loUBDZa  o  cloud  coa^ood  of  Cadmium  So^dddt  (Cdd) 
matorlal.  It  oao  bepod  tbat  It  weald  oiddblt  a  tolar  >laiala«Bco  phoaomona  at  about  1  mlcroa 
waroloBglh.  coatpotod  of  2  ndenm  ^12^3  P*>^clot,  waa  to  be  ntod  at  a  coznpariton. 

It  It  true  that  la  the  aoar  lofrarod  they  o^blt  a  dlffcrtat  brlghtaoet  aad  decay  rate.  However, 
becaate  of  the  difference  la  altitude  of  the  release  of  the  particulate  matter  and  the  decay  rate, 
of  the  brightness,  any  comparison  Is  tenuous.  The  brightness  of  FRANCIS  and  MULore 
reasonably  similar.  IDA  is  also  Included  for  visual  reference  because  of  Its  uniqueness.  The 
spectral  relationship  between  LtLV  end  Hypv  Is  discussed  later. 

Again  the  difference  In  InstrumentatloB  and  obaervatloB  techniques  Is  obvious  when 
one  compares  the  data  obtained  by  Southwestern  at  Menq>hls  in  Figure  8  with  the  previous 
Figure.  The  rapid  decay  In  the  first  30  seconds  seems  characteristic  of  much  of  the  data 
observed  by  Southwestern  during  the  Initial  sUges.  With  a  field  of  view  looking  at  about 
l/25tk  the  area  of  the  GKO  radiometer,  the  Southwestern  Instrument  probably  observed 
different  portions  of  the  cloud  uhich  may  account  for  the  appearance  of  noisy  datum  about  the 
smooth  curve. 

The  Symposium  directive  requested  the  determlnatfon  of  the  fading  rate.  Figure 
9  depicts  some  fading  rates  for  a  variety  of  artifictal  clouds.  These  cover  about  two  decades 
and  any  one  curve  Is  approximate  only  within  a  factor  of  about  4  2.  If  the  cloud  is  dissipating 
fast,  it  Is  located  near  the  top  of  the  chart.  HEDY  undergoes  quite  a  change.  For  the  first 
100  seconds.  Its  fading  rate  decreases  until  suddenly  the  cloud  sUrts  to  fade  quite  rapidly. 


As  was  mentioned  earlier,  an  attempt  to  discover  any  spectral  changes  with 
would  be  made.  The  relative  change  in  the  ratio  of  the  infrared  (1. 2-2. 3  p  wavelength)  to  the 
red  (0. 8-1.  05  It  wavelength)  Is  used  as  an  Indicator.  The  brightness  for  all  spectral  regions 
was  reduced  by  a  filter  factor  derived  from  two  measurements  of  the  inooa*s  reflected  sunlight. 
These  filter  factors  are  considered  the  best  for  this  purpose  because  the  detector  is 
at  a  source  of  reflected  light,  that  Is  from  the  sun,  vddeh  Is  transmitted  through  a  similar 
atmospheric  path.  It  is  appreciated  that  the  albedo  of  the  moon  and  the  artificial  cloud  may 
not  be  identical,  but  the  difference  U  couldered  a  second  order  effect  compared  to  using  a 
Bon-annllght  source  without  a  realistic  atUMspherlc  path. 
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TIm  ratio  of  tR/B.ED  U  plotted  lor  tha  last  600  soconds  of  BBTSY  ea  dto  lK>ttora 
of  Figaro  10.  As  It  can  bo  soon,  tho  radiant  onorgp  bocomoa  moro  red  arlth  timo.  Tho  dash 
canro  folloadag  tho  aamo  trond  is  the  rolativo  spoctral  chango  for  tho  samo  flltors  obaorvliig 
tho  sky  background.  Tho  throe  curvos  at  tho  top  of  tho  Figure  show  tho  change  in  brightness  of 
tho  sky  background  for  LOLA.  The  five  sky  background  measurements  made  before  and  after 
an  observation  of  artificial  clouds  show  a  remarkable  consistency  which  lends  confidence  to 
using  an  average  sky  background  and  thus  a  relative  spectral  change  for  sky  background. 

The  difference  between  the  ratio  of  IR/RED  for  BETSY  is  not  considered 

significant. 

Figure  11  shows  the  brightaess  measurements  observed  for  various  "clouds'*  at 
various  tlnus  which  have  been  subjected  to  the  same  filter  factor  corrections  as  previously 
described.  Measurements  of  the  sky  brightness  before  each  of  the  cloud  observations  are 
plotted  on  the  left  ordinate.  Two  conclusions  may  be  inferred  from  these  data:  (1)  the 
brightness  of  point  electron  clouds  formed  from  80  kilogram  load  exhibit  about  2>3  times 
the  brightness  of  a  cloud  formed  from  18  kilogram  load;  and  (2)  that  the  gross  spectral  change 
in  time  conforms  with  the  sky  background. 

In  spite  of  a  full  moon  during  MARGIE,  the  sky  background  is  within  the  normal 
referred  to  above.  The  cloud  brightnesses  have  also  been  modified  with  the  moon  filter 
factors  with  the  results  shown  la  Figure  12.  Here  is  the  only  consistent  (though  not  true 
significant)  devlatloa  in  the  relative  spectral  change  between  the  IR  and  RED.  It  may  be 
interesting  to  speculate  that  the  forward  scattered  light  from  the  moon  by  the  "head"  cloud 
indicates  a  shift  toward  longer  wavelengths,  udtereas  the  "tail"  assumes  characteiistics  of  the 
sky  background. 

In  Figure  13  the  brlghtnesa  for  MABGii-;  mm  measured  by  both  radiometers  in  the 
near  infrared  spectral  region  is  plotted  as  a  function  of  time.  The  ratio  of  IR/REO  is  also 
ijK  luded  for  visual  comparison.  The  agreenoent  is  quite  good  considering  the  Southwestern  at 
Memphis  data  has  been  corrected  with  an  assumed  representative  atmospheric  absorption,  and 
>e  difference  in  the  instrumental  Uelds  of  view.  U  an  equivalent  atmospheric  absorption  was 
applied  to  the  CRD  data,  it  would  be  moved  upward  by  a  factor  of  3  or  4. 
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Th*  brightMaava  tor  WDl  ULZ.  ng«ra  14,  Nnra  baaa  a«bjacta4  to  Ow  auM 
ftltar  tector  aa  pxwvleaaly  maatlamd.  Tbaaa  4ato  ahow  a  ntiiar  good  Intoipal  cooatataBco. 
Tha  ratio  el  IR/RED  alao  appaara  to  bo  conaiatont  with  the  chaago  la  aky  backgrooad, 

Agala  too  brlghtaoaa  «lata  el  HEDY  obaorvod  by  ORO  wlto  too  Tod/Opa  boUt 
radlomotor  and  too  radloaiotor  oporatod  by  Seatowaatora  at  Mooaphla  la  ahowa  lor  oiaofcl 
comparlaoa  la  Figaro  IS.  Tho  corrolatloa  la  roaaoaablo  odioa  caaaldoratlee  la  glyoa  to  too 
dllloroaco  la  obaorvatloa  tochalqaoa  aad  too  oacortalaty  attoadaat  tho  ovalaattoa  ol  tho  olloct 
ol  too  atmoophorle  path. 


Aoy  coaclaaloaa  addcb  ndght  bo  drawa  Irom  tola  proHialnary  aaalyala  ol  tho  data 
meat  b?  tcmporcd  wlto  cautioBor  be  coaalderod  apecnlatlTC.  Howooor,  a  low  polata  aoooa 
obvloua.  Tho  brlghtaoaa  moaaarod  la  too  aoar  lalrarod  apoctral  rogloa  la  prlxnarlly  aolar 
acattorod  oaorgy.  Alao  bocauao  tooac  artUlclal  clouda  aro  qgulto  aoboloua,  too  olloct  ol  aky 
backgreoad  caaaot  bo  dlocouatod,  evoa  whoa  the  Hold  ol  view  ol  tho  radlosaotor  la  llllod. 
Flaally,  aay  cxaialaatloa  ol  apoctral  chaagoa  caa  oaly  bo  lalorrod  bocaoao  ol  too  wide  apoctral 
rogloaa  obaorvod  by  toe  baodwldtb  ol  tho  Hltora. 


Juat  pHor  to  preaoatatlon  ol  tho  data  at  too  Sympoaloao,  I  waa  lalonnod  tho 
daU  obaorvod  by  Southweatom  at  Mfoiphla  roqtdred  a  corroctloa  ol  a  lactor  ol  ir.  Thorolore 
toe  brlghtaoaa  curvea  la  Flguroa  6  oad  8,  aad  thoao  labeled  SAM  la  Flgaroa  13  aad  15  aheold 
bo  ralaod  by  thle  value. 
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1  ohould  lllM  to  BBk  atMot  whothop  ho  got  any  olgnalo  ooppospoad" 
log  to  bupot  Itaalf  on  any  of  thaaa  PolaaaoaT  Wopo  you  cvop 
dlpoctly  anough  on  tho  bupat  to  plok  ap  anytblngt 
At  flpatj  bofopo  we  dooidod  to  at«y  off  the  oloud  and  look  for  a 
abook  woTa.  wa  did  obtain  aona  data  of  tha  burat  Itaalf.  Bowawap. 
for  tha  latar  ahota  wa  did  not  obtain  data  at  burat. 

Bow  about  tha  other  IR  groupf  Did  you  gat  anything  on  burat  itaalft 
Tour  aooaptanoa  angle  was  wider,  ao  you  adght  have  bean  on  burat 
aona  of  the  Uaw.  nothing  oorx>eapondlng  to  burat  aignalt 
Va  did  not. 

Old  you  feel  that  your  aanaitlTity  in  tha  Infrarad  at  tha  raaonanea 
line  of  oaalUBi  waa  aufflolant  ao  that  you  would  pick  tq>  a  graat 
daal  of  tho  6521  X  radiation  frcai  tha  point  ralaaaaaf  You  had  ona 
f 11 tar  that  paaaad  thla  wavalangth.  I  baliawa. 

At  8521  X  tha  aanaltlvl^  ia  down;  actually,  thara  waa  no  way  of 
tailing  baoauaa  tha  filter  band  waa  too  wide. 

I  aaa.  Would  you  hava  axiy  ooaanent  aa  to  what  your  ultlaata  aanai- 
tlvlty  waa  in  that  wavelength  rangaT  Wa  do  not  have  a  lot  of  data 
fpon  other  ■aaaurenanta  in  that  range. 

Tha  radlonatar  built  by  Taohnioal  Opera tiona.  Ino..  and  eparatad  by 
ORD  haa  a  Maaurad  sanaltivlty  of  about  1.5  s  lO'*^  watta  to  a  blaok 
body  at  270^.  Howavar.  the  laportant  point  to  ramnbar  ia  that 
both  radloaiatopa  ware  background  liaitad.  The  data  which  I 
praaantad  (Piguraa  10.  11  and  12  in  ttaa  written  varaion  of  tha 
report)  glvaa  tha  aaaaurad  brightnaaa  of  tha  background  before  and 
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offeor  the  01*;^  ot  Vb»  parMoalato  oleuia* 

aitfit  aak  FrefoMov  Olimbovt  It  h»  hM  tom  oeaMMt  eoMoraUt 
Mw  gnwil  Irtai  of  oboorvotloa*  wo  aro  aakliic.  X  jWoiMniy  mi  a 
llMla  ooneanad  alantfe  the  odm  wo  do  eaMalTaa«  aad  I  auppoaa  aoak 
af  Mm  paepla  iMra  ara  alatlarXy  e«Beamad«  baoanaa  wa  haaa  aaail- 
aWa  a  bma  mabar  of  quanta  aontat  FFoai  ttMaa  rarloua  raXaaaaa  and 
•o  far  wa  hava  not  baan  vary  auaaaaafal  in  obtaining  raeerds  on 
than.  Do  you  haaa  any  aoggaatlooa  on  taotanlqaaa  or  proaaduraaf 
wa  haaa  aaan  in  thla  Mating  quita  a  faw  phetographa  of  apaotra  and 
quite  a  faw  diraot  Inagaa  througbi  intarfaranoa  filtara.  X  would 
Ilka  to  know  what  the  apaetrua  taken  at  the  ground  froai  a  aaaqpla  an- 
ploalon  with  a  good  apaotrograph  looka  like}  In  ottiar  worda*  X 
would  Ilka  to  know  wbathar  tba  llnaa  ara  vary  paralatant  and 
whether  they  oould  be  aaparatad  by  intarfaranoa  filtara*  or wbathar 
thaaa  llnaa  are  aora  or  laaa  oovarad  by  a  aolaoular  background* 
Partiapa  Or*  Plabar  would  have  acnaa  oonawnt  on  that* 

John  Paulaon  and  John  Brown  oana  out  to  Downey  and  a  lot  of  ohargaa 
ware  fired*  We  only  prepared  thaaa  ohargaa  and  X  haven't  seen  •tha 
data  ao  X  think  Dr.  Paulaon  ou|d^t  to  answer  tha  question* 

Dr*  Cooper  has  tha  data* 

Tha  apaotra  ara  groaaly  ovaraaepoaed  generally.  Where  there  ara  no 
bands  showing  up  there  la  a  background  oontlnuun  and  tha  spaotral 
lines  ara  definitely  those  of  oaelun  neutral* 

Tbs  shots  were  nada  In  sunllghb  so  tha  apaotrograph  was  looking ‘out 
throufdi  •  kola  In  tha  wall  into  sunll^t  and  than  auparlMMsad  on 
tha  resulting  oontlnuna  was  tha  burst  Itself*  Wa  obtained  a  vary 
dark  apaotrun*  as  Cooper  Indloatsd*  but  on  tha  edges  you  oould  sea 
enough  of  tha  lines  to  antoh  up  with  tba  neutral  saslun  speotma  as 
found  la  tha  oasiun  lanp* 

Xas*  that's  true*  but  there  was  no  svldanoa  of  any  aolaoular  apaotra 
aotually  showing  up* 

Does  that  Include  last  yaar'a  spaetra  which  wars  parties  Mds  la  the 
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1  iMW  oaljr  —m  mm  cmmnA  r«p«pt  twm  iMt  }>•«*•  •»»«%*••  I 

•an  MHMBt  that  thara  aaaMd  to  ba  aontloMWi  baakgrowM  iMt  Mt 
aagr  banA  apaetM* 

Aa  attae  trem  tha  pvavloea  yaar  war#  aatnaUj  mda  donlag  Aayllgkit 
aondltiaoa*  bat  not  In  tarvlblj  briiA^t  aunllght* 

In  tha  olaada  abioh  broka  In  two  or  whlob  had  two  vaiy  dlffarant 
liking  aa^aanta  (ona  rathar  fuaay  la  ontlina,  ona  rathv  olaar  out 
In  otttlina)  la  thara  any  wax  dlatingalahlag  idMthar  ona  of  ttaaaa 
la  largaly  oaalua  radiation  and  the  othar  ona  oontlawaa  froai  aolar 
aoattar  fron  aolldaf  Bpaolfloallx*  Paggx  had  ona  aaotlon  with  a 
rather  aharp  edge,  another  aaotlon  fusax  adgad*  and  Nargla  broka 
Into  two*  again  with  a  foaax  ^Agad  unit  and  a  aharp  edged  unit* 

Thara  are  20  kllograna  of  alualnun  oxide  around  aoaMuhara.  Where 
la  Itt  Would  anx  of  tha  panel  want  to  oownant  on  thlat 
1  night  oomnant  on  Paggx*  Innadlatalx  following  tha  burat  our 
apaotrograidi  waa  looking  at  tha  white  aaotlon  of  tha  cloud  tint  1 
ballava  la  tha  aaotlon  that  the  aodluw  waa  In.  Wa  obaanrad  aodluw 
abaorptlon  for  20  aaoonda*  than  wa  gat  weak  aalaalon  for  another 
axpoaura  on  the  apaotrograph.  Than  wa  awltohad  with  tha  apaotro* 
graph  and  triad  to  follow  tha  olo^ul  which  had  tha  atrong  oaalua  in 
It  (uaing  tha  anooparaoopa  which  waa  picking  up  tha  Infrared  radla* 
tion  to  guide  on>.  but  with  the  apaotrenatar  wa  ataxad  on  tte  idilta 
cloud  baoauaa  there  waa  no  anoqparaoopa  traoklng  provided  for  It* 

Tha  apaotroawtar  than  would  abow  tha  aodluw  and  aluwinuw  oxide.  On 
Margie  wa  traokad  both  olouda  with  the  apaotrowatara*  awltohlng 
after  about  30  or  l|.0  aaoonda  to  the  weaker  oloud,  and  tie  ra  waa  no 
indication  of  aluwlaua  oxide*  Howawar,  thara  la  aewa  wrratla  ba> 
havlor  which  I  ballava  wax  have  oewa  frow  an  overloading  of  tka 
alaotrewatar.  Tbla  data  baa  not  bean  ocaplatalx  raduoad*  but  thara 
waa  no  Indloation  on  flargla  of  tha  aodlw*  oaalua*  or  aluaianw 
oxide* 

low*  to  dlaouaa  further  Profaaaor  Oldanbarg'a  quaatlon*  I  think  that 
Or*  Roaahbarg  had  la  wind  whan  talking  to  wa  tha  othar  dax  doing 
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MM  mmm  iif  wlmM  along  tho  ISao  Muit  ftra  a«itlow4f  ntlli  UK 
Mm  of  toying  to  Mtointao  limt  too  spootovn  on  too  gwnnt  fwp 
COM  of  toooo  00000  10  liko*  00  ooon  os  wo  hovs  too  pfopov  ognlf** 
■snl  oot  vtp  fox  doing  It.  It  is  quit#  diffloolt  to  Intoapprot  too 
spoetooooopio  lafornotlon  oMNdnod  in  Flnofly  roloosoo  booouoo  yon 
oro  nottolly  toklag  apootoo  in  ttao  paroooneo  of  bookgronnd  toioh  it 
lotfo*^  toon  ttao  signal  yon  wont  to  nsosuno.  Ttaio  oonplieotoo 
things  o  good  dool«  bseonso  if  you  widon  ont  yonr  ooeoptonso  anglo 
so  yen  got  tbs  toolo  oloud  you  noro  than  proportienotoly  inoroaso 
yonr  taookgrenod.  If  you  narrow  it  down  yon  will  bo  looking  only  at 
0  snail  portion  of  too  oloud  and  too  qusstion  axdsos  as  to  toioh 
portion  oro  you  looking  at  and  bow  aro  you  going  to  trook  all  yonr 
oqulpnant.  Sena  work  was  triad  using  filtora  on  Vf  units  but  it  is 
a  diffionlt  ozporiaontal  problsn. 

X  wondor  if  wo  oould  turn  to  ons  othor  thing.  Dr.  SilTonuu  night 
boro  sons  ostinatos  as  to  what  bapponad  to  all  ttao  oosina  wo  havo 
boon  lotting  go  basod  on  bis  oraluation  of  nogatirs  results  front 
fiold  stations. 

Roally*  X  havon't  got  tbs  ostinatos  of  how  littlo  tbs  field  noasuro* 
nsnts  would  dotoot.  At  Saorsnsnto  Foak  tlnrs  wars  a  good  nany  of 
ttas  twilitot  apsotra  taken  with  too  filter  and  thoso  woro  all 
nogatiTo*  but  X  taaro  not  oaloulatod  wbat  too  oonoontration  oorros- 
ponding  to  a  nogatiro  rosult  would  bo.  In  Msxloo  rosults  wore 
also  nogatlTo  but  tboro  woro  only  two  or  throo  spootra  takon  at 
twilight  tboro.  Forn  again  was  nogatiTO,  so  X  oan't  roallygiro 
you  an  ostinato  at  this  point  on  ninlnun  quantities  that  would  bars 
boon  ttanro. 

lorols  woro  sortainly  lower  than  naturally  present  sediun.  tbougtr 

Xos. 

Doesn't  toia  oapoe’tosnt  depend  upon  too  windT  ftaus  it  would  bo 
nooowaiy  to  shook  too  smo  obsonrations  oTor  and  over  again  and 
oooaai  anally  one  nay  got  a  stxtoig  offoot. 
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7«S(  that  la  liiat  wo  bod  hopod.  Vo  bod  oboot  o  doMNi  eoolao  vo» 
loosoo  and  wo  bad  bopod  that  at  loaat  ono  tlno  tfaoM  would  bo  tba 
pzopor  wind  going  In  tho  right  dlrootion  to  tako  aoaM  of  It  ovor 
ono  of  tbo  obaorvlng  atatlona,  whlob  woro  fairly  wldoly  aproad 
goograpbloally.  Of  oourao«  It  la  not  only  tbo  dlroetlen  of  tho 
windy  but  bow  foot  tbo  wind  la  that  la  inportanty  boeauao  If  It 
blow  tho  oloud  by  at  omm  timo  otbor  than  aunrlao  or  aunaot  tho 
flaab  dooan't  appoar. 

On  tho  photomotrlo  flltor  roaulta  whlob  Dr.  Holt  abowody  thoro  waa 
a  ^  flltor  and  a  #87A  flltor  (idilob  paaaod  tg>  8521  A  probably). 
Aa  I  rommbory  If  prior  to  tho  burat  you  haro  a  glran  lOvol  of 
4555  than  paat  burat  a  now  IotoI  oatabllabod  whlob  la  abovo  tho 
oztrapolatlon  of  tho  proburat  lorol. 

At  moat  wavolongtba  tho  anhanoaaont  oooura.  At  4555  A  on  ttio  par- 
tieular  ahot  dlaouaaody  wo  did  not  have  a  praburat  roadingy  unfor- 
tunatoly.  Wo  didn't  hevo  the  rooordor  on  tho  4555  A  photonotor. 

The  onoa  that  wo  did  zaoord  the  bwat  on  wore  the  #16  filter 
(whioh  la  a  deep  yellow)  and  a  oouple  of  unite  with  no  flltora. 

On  tho  rooorda  of  Jeannle  that  you  ahowody  didn't  you  have  data  of 
thle  aortt 

o 

YoOy  but  not  the  wavelength  4555  A. 

Can't  you  Bwaaure  the  differenoe  abovo  the  lovely  for  ozaaplOylhait 

tho  #87A  flltor  abowod  ua  aa  compared  to  normal  twlll^t  roaulta  y 

and  thua  oatlmto  the  additional  level  due  to  the  oloudT 

Vo  do  have  aome  data  from  :dilob  we  oan  eatlnate  It. 

If  the  #87A  filter  la  aeaaurlng  8521  j  radlatlony  the  oaolllator 

atrongth  for  thla  tranaltlon  la  greater  by  a  factor  of  appreslauitoly 

50  or  more  than  for  4555  *0  I  would  like  to  aak  you  If  thla 

would  bo  enough  to  than  make  the  oloud  optically  blank  at  8521  % 
o 

but  not  at  4555  At  If  aoy  whan  the  oloud  movea  Into  tha  aunllght 
your  dooroaao  In  8521  intonalty  nl^t  bo  equivalent  to  tho 
roaonaneo  abaorptlon  of foot  that  you  get  In  aodlum.  If  It  lay  than 
peaalbly  you  oan  uao  thla  to  got  aomo  Information  on  iuad>or  danalty 
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twm  Mo  4iM  takM  tegilttaor  lAHi  the  IhommoA  lovol  of  405  2* 
fliAo  la  •  vorf  food  aaigfastloiif  wo  will  trj  to  do  tbia.  Ono  roaaoB 
that  tbo  lafMMA  aod  of  tho  ourvo  goaa  doM  Mitliav  thaw  pp  (all 
the  oMion  for  rlalULo  wavoloagtlia  go  vtp)  la  alaply  that  tharo  la  a 
ialap  la  tho  halld<-ap  of  tho  Infrarod  baokgroond  aa  da|ll#it  eonoa 
OB.  Vo  woro  Btaaurlng  at  Iho  latovaodlato  tlao  dartag  ahloh  tho 
tiluo  baokcraoDd  la  alroady  built  19  or  la  building  up  Tory*  vary 
rapidly*  and  juat  boforo  tbo  Infrarad  aoetlon  atarts  building  up. 

I  think  your  auggoation  that  tho  oloud  nay  bava  boon  optleally  blaok 
at  6521  2  la  oortalaly  poaalblo. 

I  would  llko  to  aak  Or.  Bdwarda  whotbor  on  any  of  tbo  nighttlao  FIO 
toata  ho  haa  data  on  tho  aodltOB  and  ooalua  rolatiro  Intonaltloa. 

On  tho  nlf^ttlao  roloaaaa  wo  had  vary  a  bort  oxpoauro  tlao.  Vo 
havon't  run  tbo  donaltoaatrie  atudloo  on  tho  one  or  two  turata  wo 
have*  but  there  la  act  auob  data. 

1  think  that  would  bo  very  Intoroatlng  Inforaatlon  to  boTO  If  wo 
oould  got  it.  Ona  other  quoatlon  to  Dr.  Cooper.  In  tho  oaao  of 
tbo  AlO*  whore  you  had  throe  vibrational  lorola*  la  there  axiy  aoaao 
to  aaklng  what  la  a  vibrational  tonporaturo  horot 
1  think  not  on  vibrational  tai^oraturo*  alnoo  thla  la  roaonant 
aoattorlug  of  aunllght  In  thla  oaao.  IViink  there  la  good  poaal> 
billty  of  probably  aottlng  up  and  getting  rotational  tonporaturo  In 
another  abot.  On  one  of  tbaao  releaaea  the  AlO  radiation  la 
Initially  ton  tinea  atrongar  than  oeaiun  and  towarda  dawn  I  think 
you  oould  got  enough  Intonaity  to  uao  aufflolont  dlaporalon  to  got 
a  tooperaturo  dotomlnatlon. 

In  tbo  nighttlm  ahota  there  waa  no  oontlnuum  at  all*  1  gather. 

Thio  la  one  of  tbo  aaddoat  foaturoa  of  tbo  aorlea  thla  year*  in  that 
on  all  of  tho  nighttlao  ahota  there  waa  between  3  and  5  alnutos  par¬ 
ols  tonoo  at  a  low  Intonaity  level  aod  aoaM  aort  of  oocrtlnuuB.  As  o 

* 

Cooper  points  out  It  was  not  sufflolontly  Intense  to  show  up.  on  tho 
spootrographs*  but  tbo  foot  that  It  didn't  show  laplios  that  It  was 
a  eontlnuua  or  bands  rather  than  a  lino  struoturo.  Vo  will  have  to 


Holtt 


Bdtrards: 


•o  after  thla  with  aera  aanaitlva  aqulgaaat»  but  it  «aa  rarf 
froatratlBC  atandlng  thora  and  pointing  aqulpaant  at  aoMthlag  that 
an  ayaball  aould  aaa  and  have  thaaa  vary  axpanalva  Inatmawnts  ic» 
nora  It  ooaplataly* 

That  eoaaant  raally  strlkaa  hoaa  to  all  of  ua«  1  think*  X  baliava 
that  all  that  wa  oan  aay  in  our  own  dafansa  la  that  if  wa  oan  hava 
■ora  abota  wa  oan  probably  do  battar* 

I  alao  aay  that  an  ayaball  nay  ba  ohaap«  but  it  la  atill  ona  of  tha 
baat  optloal  InatruaMnta  that  I  know  of.  Va  atuok  a  trananiaaion 
grating  in  our  pookat  and  put  it  in  front  of  an  Xyaau>  aovla  oaaara 
without  alita  and  ran  the  Ihlng  at  t|.  franaa  par  aaoond  during  aoM 
of  thaaa  ahota.  Aa  I  daaerlbad  It^  wa  did  thia  in  rathar  hurrlad 
faahlon  ao  wa  hava  aoma  pnoULema  mainly  in  Idantifying  tha  banda 
and  lines  that  wa  aaw.  But  we  have  some  data  that  perhaps  supple¬ 
ments  that  which  Cooper  has  mentioned.  His  spectra  ware  taken  at 
about  burst  plus  10  seconds,  and  beyond*  I'm  talking  about  spectra 
during  tha  first  one-fourth  to  one-half  second.  On  Margie  wa  la  va 
soma  three  to  six  lines  or  bands  unidentified  at  the  present  tias. 

but  I  feel  fairly  certain  that  a  couple  of  them  are  the  blue  lines 
o  o 

of  cesium  at  4555  A  and  4593  A.  These  occurred  for  the  first  one- 
quarter  second  of  the  cloud's  life.  Thereafter  we  hava  only  the 
continuum  which  Cooper  foimd  on  his  spectra.  On  Lola  we  have  sosia 
10  or  13  bands  or  lines  during  the  first  one-half  aecond.  There¬ 
after  we  have  Just  the  ccntlnutaa.  Peggy,  Susan  and  Jeannie  show 
only  the  continuum  from  the  beginning  until  sixty  seconds  or  so 
tdieraaa  Cooper  found  sodloa,  cesium,  and  alumlnin  oxide.  On  Oliva 
we  find  two  rathar  sharp  lines  during  the  first  one-quarter  a  acond 
and  a  continuum  tbaraafter.  I  think  these  are  again  tha  aasiua 
blue  lines.  Cooper  found  cesium,  sodium  and  aluminum  oxide.  I 
believe  that  our  grating  mounting  probably  made  the  sodium  D  line 
fall  off  scale.  1  think  that  we  probably  alao  have  the  blue  lines 
of  casiuB  and  sons  of  the  altsainum  oxide  banda  in  those  shots  on 
which  we  saw  spectra. 
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Z  iNUttod  to  point  out  ttiat  tho  aodlun  waa  in  tha  fonmrd  and  of  tha 
ebarga,  and  it  would  hawa  baan  anvalopad  in  tba  raaotion  piwduota 
about  70  aioroaaoonda  aftar  tha  time  of  initiation,  that  it  would 
hara  baa:  dvoppad  in  an  axial  diraotion  and  probably  thrown  in  tha 
diraetion  that  tha  noaa  oona  waa  pointing*  Alao  aoaa  of  tha  tiaa 
thia  aodiun  nitrata  waa  alona  and  aotiatinaa  it  had  a  raduoing  ataoa- 
pbara  of  aluainua  with  it,  and  I  wantad  to  know  if  thia  aada  any 
diffaranoa  to  anybody* 

Hounda  to  aw  lika  on  Paggy  that  it  waa  in  tha  wrong  and*  Wa  had 
aodlUBi  at  tha  bottom  and  of  the  cloud  and  according  to  tha  way  I 
understood  you  it  would  have  been  tha  top  and.  la  that  rl^tf 
If  tha  orientation  ware  such  that  tha  nose  cona  ware  pointed  up* 

It  didn't  go  back  the  other  way  having  been  bit  on  tba  bottom,  I  can 
aaaura  you* 

I  don't  know  where  tha  rocket  waa*  Z  aaauaa  It  waa  going  up. 

Another  quaatlon  here? 

In  ll^t  of  Dr,  Edward's  report  I  have  been  thinking  that  lha 
poanlblllty  of  ualng  an  objective  prism  or  grating  at  the  very 
Instant  of  burst  might  give  some  Information  on  the  Initial  spectra 
and  help  Dr.  Oldanbarg  In  his  comments.  At  tha  very  beginning  even 
with  a  larger  Instrument  when  the  cloud  has  a  siae  of  soaw  fraction 
of  a  kllomator  I  think  you  should  be  able  to  get  fairly  good 
resolution* 

I  adc^t  simply  oosment  hara  that  wa  triad  a  similar  technique  last 
year  on  Firefly  $9  with  a  prlam  and  I  think  a  grating  was  triad  by 
Hillman  last  year.  Wa  always  do  try  to  taka  cars  of  this  posaibll> 
Ity  of  getting  spectra  while  tha  cloud  Is  still  behaving  more  or 
lass  as  a  point  source.  It  seams  like  our  greatest  weaknesses  come 
later  In  the  cloud  development,  because  then  wa  are  dealing  wlta  a 
very  tenuous  cloud  in  tiremandous  background  and  so  the  problems  are 
much  aura  severe.  We  need  both  kinds  of  data,  you  are  absolutely 
right*  We  are  following  up  the  suggestion  of  using  the  souree  It* 
self  as  a  point* 
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Woold  lb  ba  posslbla  to  plek  up  aaeltatloa  eauaad  bp  tha  pasaafO  of 
a  shook  wars  of  aap  of  tha  oonstltoants  or  aran  tha  partloulata 
oxldast 

Wm  t  wa  Idantlf lad  aa  or  oall  tha  shook  waras  wa  saw  only  on  imfm 
Oar  flltar  wbasl  was  running  at  600  ravolUblons  par  iilnuta«  and  wa 
bad  about  ana  hundradth  of  a  saoond  batwasn  filtars*  Wa  had  sons 
Strangs  phanosuna  whlob  I  showad  on  tha  last  slida^  It  wasn't  too 
olaar«  and  parlim>s  you  didn't  saa  what  wa  had  thara.  Wa  did  gat 
sosia  Inoraasa  in  radiation  throu^li  soais  of  tha  filtars.  Thsaa 
filtars  wars  about  60  to  100  Angstroois  wlda.  That  is  tha  only  ona 
that  wa  idantlf lad  as  a  shook  ware,  to  bo  dlffarantlatod  froai  tha 
partlola  wares  and  the  main  cloud.  This  one  was  trarallng  at  10 
kllonetara  par  saoond,  and  we  bad  an  Inorease  at  the  region  1|120  2 
(which  was  plokad  to  be  away  frosi  any  of  the  expected  bands  wbleh 
night  otherwise  ba  expected  fron  atawspheric  molecules  and  atons). 
We  also  saw  a  siaall  increase  In  5577  which  we  had  tboujlit  night  be 
excited  by  the  shock  ware  In  passing  through  the  atmosphere.  Slnoa 
we  have  all  of  this  on  one  firing,  I  hesitate  to  draw  too  many  con* 
olusions  from  It.  If  we  oould  have  bad  this  repeated  on  several 
other  shots,  I  would  feel  much  more  comfortable  about  It. 

This  is  again  to  Or.  Edwards,  In  line  with  his  last  reply.  Can  you 
differentiate  between  the  shock  and  the  solid  particle  wares  In 
this  case? 

Wa  do  in  this  way.  The  particle  wares  that  1  have  talked  about  we 
were  able  to  photograph  with  the  Byemo  movie  oaneras.  We  can  see 
this  on  the  film.  We  did  not  see  sladlar  effects  for  Amy  on  our 
film.  We  picked  this  response  up  on  the  photoswter,  which  la  moeh 
more  sensitive  than  the  film,  and  auiybe  It  was  Just  a  fainter  par* 
tide  wave.  We  oertaiiU.y  wouldn't  argue  that  point. 

May  I  make  a  coamient  on  that  shook  wavi'.  You  saw  it  at  one  and 
ono*’Aalf  seconds  after  burst  and  it  hid  a  speed  of  about  10  kilo* 
Mters  per  seoond.  1  assume  that  It  was  15  kllosMtars  from  the 
burst  point.  1  don't  believe  that  the  energy  In  tbs  initial 
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la  MifYlalaM  to  aaelto  appMalaklj  a  to1«m  15  Idle- 
MtoM  la  Mdiva  at  tola  altltoia.  foe  amah  aiMvcr  watild  ba 
aaqaiiad. 

Patotoa  wa  ataaorad  a  flaalillgbt. 

Or*  tba  otoar  poaalMUtf  la  that  haaa  eraatod  tto  rlag  but  toa  tlaa 
dalay  la  atoarraaalag*  A  15  kllaaatar  radlua  afiitaM  eoatalaa  toaa 
of  aatorlal*  aa  Dr*  Klral  pelatad  oat.  Va  joat  doe't  hava  that 
■aeh  asargy. 

I  mold  Jnat  Ilka  to  point  out  that  wa  did  aaa  tola  ao-aallad 
partlola  wava  on  Aay  with  tba  laaga  ortoloon  aqulpaiant*  ao  It  la 
daflnltaly  tbara. 


"HMUiOi  ■pma  TOMn  a  nmiizcAi.  nan  or  ranicu. 


AMoezAXB  wxn  cnnca.  uuuu*** 


onnnxBS  couraunM  or  Aiaua 

Badford,  Maasachiiaatta 


AirmcT 


Thla  raport  ravlawa  tha  contribution*  of  GCA  In  axaalnlng  tha  fundaaantalt 
pbyalco-ehaalcal  procaaaa*  Involvad  In  tha  "Plraflp"  centaalnatlon  prograai.  tha  objactiva 
hara  haa  baan  to  put  on  a*  fira  a  baala  aa  poaalbla  our  undaratandl^  of  thaaa  procaaaa*. 

Aa  part  of  thl*  protraa,  thara  haa  baan  critically  axaalnad  tha  aMtthaaatlc*  and  phyalea  of 
tha  dlffualon  procaaa  with  aaaoclatad  loaa  and  production  procaaaa*  for  alngla  and  wultlpla 
apaclaa.  Tha  chaalatry  Involvad  In  uppar  ataoaphara  ralaaaa*  haa  baan  Invaatlgatad  a*  wall 
a*  tha  natura  of  tha  racaad>inatlon  during  tha  radial  fra*  axpanalon  of  a  plaaaMt  aphara. 

With  a  view  toward  tha  dlagnoal*  of  tha  chaalcal  ralaaaa  and  tha  gaophyalcal  Intaractlona, 
work  ha*  baan  purauad  on  tha  optical  bahavior  of  raaonant  and  cha^liaalnoacant  cloud*  under 
a  variety  of  Initial  and  phyalcal  condltlona.  Oavlca*  for  dataratnlng  tha  natura  of  tha 
dlffualon  ■aehanlaw  auch  a*  paired  roamant  tracer*  have  baan  atudlad.  Conelaaly  atatad 
chan,  tha  two  principal  objaetivaa  of  tha  prograa  ware  tha  davalopawnt  of  aathod*  of 
■aaaurlng  uppar  ataoapharlc  gaophyalcal  paraaotar*  and  a  datallad  Invaaclgaltlon  of  tha 
applicability  of  tha  tachnlquaa  to  axlatlng  and  future  Air  Force  ayataa*  raqulraaenta . 


*1hia  work  haa  baan  conducted  under  Contract  Ro.  AT  19(604)-7269  (aponaorad  by  AUA)  and 
thla  raport  haa  baan  praparad  by  F.  F.  Mano,  Frojact  Director  and  principal  invoatlgator. 
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9m  frrogTMi  of  roekot  ooporl—ato  ohorola  varloao  cboafeol  contaaliMato  oro 
nloaaof  laeo  tko  uffor  ofoifliiro  oro  •foeifloally  fooigaod  to  toot  tbo  foulbtllty  of 
tttllitiag  stieh  toehniqiMo  to  dotonlao  otaaofhorie  yoraooton  oo  woll  oo  Imroatlgotlng 
proetleol  ofplleatiou  to  tho  allltory  oyatoa  toetaolotjr.  tlaeo  tho  oxrorlMntoliat  ia 
eonfroBtod  with  an  oxeoodlngly  eoa^lax,  non-laboratory  eontrollad  axparlaont,  groat  caro 
Nut  ba  takan  to  doyaloy  a  flna  tboorotleal  undaratandlng  of  tha  yhanoaMnology  including 
awthaaatlcal  andala,  phjraleal-ehaaleal  roaetlona,  ate.  ao  aa  not  to  darlvo  purely  quall- 
tatlva  reaulta  froa  a  aarlaa  of  fllghta.  It  baa  boon  a  prlaary  objactlvo  of  thia  atudy 
to  Idanttfy  thoaa  araaa  raqulrlng  further  tboorotleal  effort  and  aa  a  conaaquanea  generate 
appropriate  atudy  prograaa.  A  teat  of  thla  pblloaopby  of  operation  awy  ba  found  In  tha 
auecaaaful  application  of  Mny  pravloua  racoauMndatlona  In  tha  araaa  of  planning,  par- 
fonaanca  and  data  analyala.  A  further  function  of  thla  program  la  to  Indicate  and  develop 
Idaaa  and  araaa  In  uhlch  practical  application  to  currant  and  future  Air  Force  requlreaanta 
aaam  appropriate. 

Iha  moat  efficient  method  of  llluatratlng  tha  typaa  of  problema  Inveatlgatad  tbua 
far  la  almply  to  Hat  tha  tltlaa  of  tha  varloua  technical  KtCKL  publlcatlona  that  have  bean 
prepared  by  OCA  to  data  under  thla  contract. 

The  Technical  taper ta  and  Mamoa  Include  tha  fol lowing i 

1)  Chemical  talaaae  Studloa  Z:  Time  Tarylng  Concentration  field  Iquatlona  of  a  Single 
Subatanca  With  an  Initial  Arbitrary  Configuration  In  Free  Spaco. 

H.K.  Irowi,  r.f.  Marmo,  J.  fraaaman  AfCSKL  222 

2)  Chemical  laleaaa  Studloa  Hi  Coupled  Time  farylng  Concentration  field  Iquatlona  of 
9ro  Subatancaa  With  Initial  Arbitrary  Configurationa  In  free  Spaca. 

t.K.  Brown,  f.f.  Marmo,  J.  fraaaman  AfCSL  223 

3)  Chaadcal  talaaae  Studiea  HIi  Soma  Xhooretical  Gone iderat Iona  telatlng  to  tadiative 
lecomblnationa . 

A.M.  taqvl  AfCBL  210 

4)  Chemical  telaaaa  Studiea  Ifi  Cbamiatry  of  Dpper  Altitude  Balaaaaa. 

0.  Colomb,  A.W.  Barger  AfCBL  229 

5)  Chemical  talaaae  Studiea  f i  lacombinatien  Daring  ladlal  froe  Bnpanaion  of  a  flaama 
Sphere. 

D.  Oolomb,  A.W.  Berger  AfCBL  202 

6)  Chamieal  teleaaa  Studiea  fZi  Optical  fropertiaa  of  Chaml luminaacant  Clouda  for  TWo- 
Bedy  Ohamica.l  Beactiena  Without  Diffuaion. 

fteaaaan,  H.K.  Brawn,  f.f.  Marmo 


AfCU.  201 


7)  ChMlMl  IcImm  atudlM  TXIt  Oatieal  rrop«rtl«a  of  Boiowaneo  Cloote  Mth  MfftMlMi, 
for  Tarlouo  Initial  lalanao  OaoMtrlaa. 

J.  rraaanaa,  F.r.  Nano,  H.K.  >rom  AVOn  207 

8)  Chaalcal  lalaaaa  Stodlaa  vnZt  foaa  Coaaanta  on  fhklooalty  anf  Bart*  a  NaaanraHMt 
of  tba  Banalty  at  430  M  bjr  Sodiwi  Baaonanea  Cloud  Taehnlquoa. 

J.  rraaawn.  r.f.  Harw  ATOn.  210 

9)  A  Kano  on  tha  Oaa  of  laaonant  Tracara  for  tha  Datamlnation  of  Mffualon  Wichanlana. 

r.r.  Kamo,  K.  Barandiati  lachnleal  Kano  MO.  Ol-l'Am 

10)  yaaalblllty  Study:  Ganaratlon  of  Artificial  llaetron  Clouda  by  Badloaetlro  Syoelaa. 

r.J.  Mamrockl  Taehnleal  Miaa>  Mo.  60-5>G 

Tran  an  Inapactlon  of  tha  abova  tltlaa  It  can  ba  aaoo  that  a  wlda  ganut  of 
aaaoclatad  taehnleal  araaa  have  bean  Invaatlgatad.  lha  choice  of  toplea,  howavar,  waa  vary 
aathodlcal  and  rapraaanta  what  it  la  fait  to  be  praaant  outatandlng  gapa  In  tha  fuadanantal 
undcratandlng  and  appreciation  of  aona  of  the  note  baale  aapacta  of  tha  technology.  Znta- 
gral  to  each  of  the  above-cltod  technical  raporta  are  raeonnandatloaa  for  application, 
asparlnantal  Inplanantatlon  or  logical  continuation  of  tha  reported  tachnlqua  or  Invaatl- 
gatlon.  It  la  tha  purpoaa  of  thla  doeunant  to  auanarlca  tha  nora  Inportant  raaulta  and 
conclualona  raachad  during  tha  program  and  axprasaad  In  nora  detail  In  tha  aavaral  taehnleal 
raporta.  Included  In  thla  Integration  an  attempt  will  alnultanaoualy  be  made  to  Indicate 
tha  utility  and  application  of  the'  raaulta  and  data  thua  raportad. 

lour  dlatlnct  araaa  can  be  naturally  aubdlvlded  for  the  purpoaea  of  dlacuaalon 

haraln  and  repreaent  the  bulk  of  the  GCA  effort  under  thla  program: 

Chemlatry  of  Upper  Atmoephere  laleeaea 
Mathamatleal  Modela  for  Chemical  lalaaaa  Studlea 
Optical  Fropartlea  of  Chemical  laleaaea 
IF  Fropagatlon  Studlea 

Finally,  a  brief  auMary  la  given  Including  plana  for  future  efferta  In  thla 
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A.  Ointral 

tar  fitrfM*  of  ortlfielal  (iooltod  or  ualoaisad)  cloud  goaorotlon,  ycpera  ara  ralaaaad 
fro*  cockae-koma  eanlatara.  Xhaaa  ralaasaa  ara  aaalycad  In  tama  of  two  suecaaalya 
procassaaj  flrat,  forwatlon  of  tba  initial  raaetion  producta  and  aacond,  ayaluation  of  tha 
noo-aquilifcriiaa  kioatic  proeaaaaa  during  u^anaion.  Application  of  yarioua  nodala  and 
conparlaon  with  asparlaantal  raaulta  proridaa  tha  baaia  for  raco— andationa  for  optlaiaa'> 
tien  for  yarloua  tppaa  of  ralaaaaa. 

Xdltlal  reaction  product  eonpoaitlona  and  flana  tawparaturoa  can  ba  calculated  on  tha 
baaia  of  aquillbrlun  proeaaaaa  with  tha  aid  of  thanodynandcal  data.  Dataila  ara  glvan  in 
ATCUi  taport  Ro.  229  antitlad  "Chaidcal  lalaaaa  Studiaa  Xfi  Chanlatry  of  Uppar  Altltuda 
lalaaaaa"  bp  0.  Gdonb  and  A.  H.  Bargar. 

In  tha  alunlnun-alkali  nltrata  raaetion  waxiini  lonlaation  la  obtalnad  with  the 
atolehioawtric  reactant  ratio.  Howavar,  thia  raaetion  ia  ralatlvalp  alow  and  tharafora 
tha  raaetion  wap  ba  extlnguiahad  at  burat  of  tha  canlatar,  l.a.  when  tha  equlllbrlua 
praaaura  above  tha  reacting  nixtura  raaehaa  tha  burat  praaaura  of  tha  caniatar. 

Addition  of  a  high  axploaive  wap  apaad  up  tha  raaetion  ao  that  it  ia  cowplata  before 
dlalntagratlon  of  the  caniatar.  Xhia  waa  actuallp  dona  in  aowa  ralaaaaa  of  tha  Firaflp 
aariaa.  It  la  difficult  to  predict  tha  flana  conpoaitlon  and  lonlaation  piald  in  a  nultl> 
eoaponant  detonation  apaten.  It  la  probablp  alao  difficult  to  aaaure  raproduclbllltp  in  a 
aariaa  of  ralaaaaa  baaed  upon  detonating  nlxturaa,  unlaaa  tha  packaging,  grain  aixe, 
caniatar  atrength,  ate.  ara  conpletelp  equal.  Purthemora,  raconbinatlon  loaaaa  of  the 
lonlxed  apaciaa  (and  nautral  atona)  la  increaaed  in  a  high  praaaura  ralaaae. 

Fropallant-tppa  conatant  praaaura  ralaaaaa  have  bean  abown  to  have  potantlallp  greater 
lonlaation  afficlencp  than  detonation  apateaa.  Optlaun  propellant  apataaa  contain  eon- 
taalnanta  of  low  lonlaation  potential  in  flana  product  gaaea  of  wutlnun  thamodpnanic 
atahllitp.  The  Ca  doped  carbon  nonoxlda-nitrogen  carrier  providaa  an  optlnun  for  chonical 
raaetion.  Solid  propellant  fomulatlona  pialding  auch  optlaun  producta  ara  auggeatad  in 
tha  abova->nantionad  AfCIL  Kaport  Ro,  229. 

The  dlaadvantage  inherent  in  conatant  praaaura  (propallant-tppa)  ralaaaaa  of  having  a 
long,  narrow  trail  of  ralatlvalp  dilute  plaana  nap  ba  ovarcona  bp  uaing  a  cluatar  of 
noaxlaa,  or  a  large  niaabar  of  noaxlaa  nountad  on  a  apharlcal  container  (hadgobop  boob). 


4tll 


Slae*  tiM  rMOi^lMtion  aquatioM  ralatiag  to  a  aeiala-tTfa,  ataadyatata  ralaaaa  ara  aall 
aaubllahad  yiald  yradtetiona  and  eorralatlona  batwaaa  axyarUuata  ara  wall  aaalar  and 
battar  raprodualblllty  nay  ba  anatirad. 

!•  Initial  lananaloit 

dltbottgh  an  aceurata  avaluatlon  of  tba  Initial  atagaa  of  an  axyloalon  la  vary  eoni^ll- 
catad,  alnpllflad  nodala  nay  ba  aat  up  to  approalnata  tba  aryactad  ylald  of  ebaadeal 
apaelaa  (yrlnarlly  alaetrona)  ablch  aurrlva  tba  racoablaatlon  during  axyanalan. 

Zn  an  aarllar  raport  an  alanantaty  nodal  waa  aaaiawd  In  wbleb  tba  plaaw  ball  obtalnad 
In  tba  datonatlon  axpandad  with  a  eonatant  waloclty  and  with  unlforn  danalty,  and  tbara  waa 
no  additional  Ionization  at  t  >  0. 

Zn  a  nora  aophlatlcatad  nadal  (ef.  AldL  202,  "Chanlcal  Kalaaaa  Studlaa  Vt  laeonblna- 
tlon  During  Kadlal  fraa  Ixpanaion  of  a  Plaana  Sphara”  by  D.  Golonb  and  k.  H.  Bargar),  tba 
tint  dapandanea  of  tha  azpanalon  rata,  danalty  and  raaetlon  rata  la  Includad. 

Corralatlon  of  tba  ealculatad  nunbar  of  alaetrona  quanehad  In  tba  eloud  aftar  axpantlon 
with  ground  obaarvatlont  Indlcataa  that  tba  wdalt  ara  a  uaaful  approKlwtlon.  furtharwra, 
tba  nodala  auggaat  tba  following  Inportant  eonelualeoai 

1.  Tba  final  dagrao  of  ionization  In  tha  axpandad  eloud  la  a  dlract  funetlon  of 
Initial  anarqy  and  an  Invarta  funetlon  of  Initial  radlua. 

2.  Tba  Initial  axpandad  eloud  dlatrlbutlon  (naglaetlng  turbulanea)  la  non-'honoganaoua. 
Tha  alactron  danalty  la  axpaetad  to  daeraaat  nonotonleally  fron  tha  eantar  point  to  tha 
outer  boundary. 

3.  Tha  final  dagraa  of  ionization  la  Invartaly  proportional  to  tha  awaraga  apaelfle 
boat  ratio  of  tba  jxpandlng  gaa. 

C.  Snaelal  Ealaaaaa 

1.  Tha  Aluninun-Bariun  Nltrata  laaetlon  and  tha  "India"  Balaaaa 

Tha  failure  to  obaarva  alanantary  barlun  in  tha  "Ziidla"  ralaaaa  nay  ba  traead  to  a 
lowar  taaparatura  than  reported  for  aono  of  the  "firefly"  relaaaea  (4500^),  and/or  raeoae 
blnatlon  of  tha  producta  during  Initial  axpanaica.  Zn  Taehnleal  Baport  Bo.  AlCIL  229  wa 
have  ahown  that  if  tharaodynaale  aquillbriun  ia  aaintainad  up  to  a  taaparatura  drop  to 
3000^,  than  practically  all  of  tha  alanantary  barlun  la  racoablnad  to  BaO. 

TWO  approachaa  nay  be  uaad  to  iaprowa  tba  barlun  ralaaaaa.  Flrat,  raduetaata  aueh 
aa  carbon,  garnanlun  or  zlreonlun  yielding  oxldaa  of  blgbar  tharnodynanle  atablllty  wy  ba 
anployad  Inataad  of  aluninun.  Second,  low  praaaura  (trail)  ralaaaaa  will  quench  Ba  raeen- 
blnatlon  at  blgbar  tanparaturea,  tbua  Ineraaaiag  tha  atonic  barlun  yield. 


ms 


2.  BbImmm  of  M,.  001272.  b-CtIi,  Wj 

*•“  ■wwt  of  liqoU  o«vwiu4  la  tfeo  roloaooo  of  eko  abevo  cbMlealo  «u  ealeuUtod 
with  tho  014  of  «  olaplo  oqullibrltM  aodol.  Botallo  oro  glvon  In  n  Ttchaleal  Hmo 
flCi  61>2->AIII.  loro  «•  ottoeh  only  tho  final  rooulto  (Xnblo  1).  Vlthln  tho  llalMtlona 
Of  tbo  enloulntlono.  tb*  rolonaoo  nil  nyynnr  fonnlblo. 
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3.  lunBurzcitL  mm  rat  crancAL  huab  smm 


A.  fistcaL 

Zn  tb*  •yatMatle  analyal*  of  ehaadeal  ralaaaaa  an  araa  of  prlan  Inportanea  ia  tha 
ganaratlon  anA  fropar  utlliaatlon  of  ayproprlata  thaoratleal  mdala  to  eoafara  to  tka 
axparlnantal  data.  Tha  varloua  ffayaical  and  cbanlcal  procaaaaa  Imrolvad  ara  Maarava; 
in  addition  tha  altuatlon  la  furthar  eanpllcatad  bjr  tha  Intardayandanca  of  tha  naqr 
proeaaaaa  which  In  turn  dapand  upon  111-daflnad  or  poorly  kaown  paranatara.  Tbr  axanpla, 
tha  proeaaaaa  of  ganaratlon  of  alactrona  can  Includa  thanoehanical,  photolonlaatlon, 
ahoek  phanoaana  and  photodataehnant.  Ilaetron  dacay  proeaaaaa  Inrolva  raeoablnatlon, 
alaetron  attachaant  and  lon>alaetron  klnatlca  «nng  othara.  Rirthar,  thaaa  nany  pro¬ 
eaaaaa  ara  intlnataly  ralatad  and  vary  In  a  eooplax  nannar  and  dagraa  with  auek  parawatara 
aa  altltuda  of  ralaaaa,  aabiant  or  eontawlnant  tanparatura,  avallabla  aelar  flux,  atnoa- 
pharlc  eowpoaitlen,  ate.  Thla  Interplay  of  proeaaaaa  ia  furthar  eeapllcatad  by  dynaaile 
phanonana  auch  aa  dlffualon,  abaar  and  atnoapharie  torbulanea  which  eontlnually  altar 
the  preblaai  with  tlna.  Cbanlcal  production  of  tha  eontaainant  (alkali  natala  for  thla 
atudy),  tha  nathod  of  ajaetlon  and  aubaaquant  cbanlcal  conaunptlon  of  contaninant  by  tha 
aetlva  anblant  apaciaa  Introduce  other  problaaa.  Finally,  tha  vary  practical  conaldara- 
tlon  of  onglnaarlng  and  cloud  dataetlon  aathoda  Involve  problena  of  atlll 'another  nature. 

Tha  concentration  field  of  Che  cloud,  produced  by  the  ralaaaed  contaninant  can  be  uaod 
to  naaauro  ratea,  provided  one  knowa  tha  Initial  and  boundary  condltlona  which  ara 
aaaoclaCad  with  the  continuity  aquatlona  of  tha  concentration  flalda  of  both  the  eontanln- 
ant  and  any  atnoapharie  reactant.  Tha  cantlnulty  equation  for  a  particular  aubatanea  can 
ba  viewed  aa  a  apeclflcatlon  of  the  phyalco-cbanlcal  proeaaaaa,  aaaunad  to  ba  In  action, 
controlllnp  Che  Clan  rata  of  chiuite  of  denalty  of  Che  particular  aubatanea  wbareaa  tha 
Initial  and  baundary  condltlona  aaaunad  for  the  aubatanea  apaclfy  tha  conatralnta  on  the 
concentration  field.  Zn  abort,  thaaa  apaclflcatlona  of  continuity  aquation  and  Initial 
and  boundary  condltlona  apaclfy  a  nodal  for  the  artificial  cloud.  Additionally,  for  each 
plaualble  artificial  cloud  nodal  one  can  aaaoclata  the  axparlMntal  data  with  tha  parana- 
tara  of  the  aMdal. 

Tha  objective  of  Che  currant  effort  ia  to  generate  a  nunbar  of  auch  nodala  for  a  alible 
aubatanea  (AFClL-222)  and  two  aubatancaa  (AICIL-223)  and  to  derive  the  concentration  field 
equation  for  each  propoadi  nodal. 
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1.  flag!*  Mctaae* 

for  tha  slagla  aiikataBe*  traataant  tba  aoat  coagllcatad  aodal  lavaatlgatad  (with 
raapaet  t«  tha  chaai-phyaieal  groeasaaa  aaaiaad  to  ha  In  action)  la  eharaetarlaad  bjr  tha 
partial  dlffarantlal  aquation  (l)i 

hi  m  »7*n  *pn*  r0i,t)  t  >  0  (1) 

vh«r«  thm  ehar«et«riatlc  physical  or  chaadcal  procaaaaa  aaaoclatad  with  tha  various  taraa 

2  2 
of  Equation  (1)  ara  raagaetlaalyt  (a)  dtffualon,  OV  »;  (b)  caconblnatlon,0^  n  ; 

(c)  llnaar  grouth  (or  daeay),  ^n;  and  (d)  coaa  arbitrary  ganaratlon  (or  daeay)  proeaaa 

at  point  t  In  apaca  tor  t  ^  0,  7(K,t). 

Equation  (1)  daflnaa  tha  continuity  aquation  of  a  concentration  fiald,  n  ■  n(E,t), 
ganaratad  by  tha  Inatantanaoua  ralaaaa  of  an  aaotfnt  M(0)  of  a  alngla  aubatanca  Into  all 
apaca.  at  tha  Inatant  t  ■  0,  with  tha  Initial  danalty  dlatrlbutlon 

«»(*.y.*.0)  -  n(E.O)  a  f(x,y,a)  a  f(E)  (2) 

whara 

■(0)  a  f((  tt(x*,y',a'.0)  dx'  dy'  da-  (3) 

-od> 

2.  Iho  Subatancaa 

For  tha  caaa  of  two  aubatancaa  (coupled  and/or  nutually  coupled)  an  analagoua 
treatnant  haa  baan  ganaratad  with  appropriate  natheauitlcal  coavronlaaa  in  view  of  tha  nora 
conplax  phyalcal  altuatlon.  Tha  datsila  ere  treated  axtanalvely  in  AVCEL-222  and  AratL'223 
and  will  not  avan  be  akatebad  out  hara.  lather  for  conplatenaaa  hare  la  Included  tha 
Table  of  Contanta  and  Eunnarioa  aa  they  appear  in  tfaaaa  two  raporta.  Tbaae  ara  aelf- 
axplanatory  and  aarva  wall  to  Indicate  tba  breadth  and  acopa  of  tha  theoretical  developnent 
of  nodala  thua  far  accoaipllahad. 

It  la  noted  that  tha  aararal  entriaa  in  tba  Tablaa  and  Suauarlaa  below  arataln 
their  raapectlva  aquation  and  page  daalgnaeiona  aa  they  appear  In  tba  original  docuawnta. 
Thla  waa  done  to  afford  a  ready,  accurate  rafaranca  for  tha  Intaraatad  reader. 
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Th*  followlBg  la  tha  labia  of  Coataata  aa  ra^oAieadl  froai  tba  Taehaleal 
Kavort  Ko.  ATCIL  222  aatitlaf  "Chatiloal  lalaaaa  Stodlaa  1:  Ttaa  Variation  Concantra- 
tlon  rial4  B«|aationa  of  a  Jlagla  Snbatanea  With  an  Initial  Arbitrary  Conflgnratlon 
In  Fraa  fyaea"  by  H.K.  Brown,  F.V.  Manaa  ani  J.  Praaaaan.  It  provldat  In  a  unlfona 
nannar  tha  acopai  of  tha  work,  tha  Alvaralty  of  tha  problaaa  plna  tha  varloua  aaAala 
and  thalr  boundary  eoodltiona  which  ««ra  eonaldarad. 
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Hw  {pllavlns  Bmmtry  la  takas  froa  Vaeinleat  lapart  Ma.  AKKt  222  aatttla4 
"Cbaaleal  lalaasa  fcudlaa  Xi  Tlaa  Tariatios  Coneastratlim  VlaM  Squatlons  sf  a  Slagla  lsk« 
atasaa  With  an  Xnltlal  irkltraxy  Caaflfisatios  is  Fraa  Spaea"  bjr  ■.  K.  Brawn,  P.  F.  Mnm, 
and  J.  Praaaaan.  Tba  fonat  and  aqnatlona  ara  ratalnad  for  quick  rafaranea  and  ara  rapra- 
duead  aa  tha]'  appaar  In  tha  original  doaunant. 
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CHAFm  I 


CURD  MODILS  WITH  DIFFUSION  BUT  NO  tICOHSIHmORl 
lOnnCAI,  DIFFUSION  COIFFICnHTS  FOR  MOI  SUBSTMCIS 

Section  1 

(•) 

dh, 

dt 

^CR.o)»f,CR) 

(h) 

d^x 

--■p^'n^+Xn, 

n^(R.o)^o 

dx 

(•)  n,  (R,t)=  u  (R,t) 

1.  (11) 


whara  U(E|t)  is  dafinad  aa  tba  aolution  of  tha  boundary  valua  problaa 

(.)  cw) 

or  by  tha  Integral  foraula 


<»)  vJ(R,x)=  /!/  'f,(R‘)vv(R,R‘,x)iV' 

—  oO 

whara  y(R,R',t)  la  a  unit  source  function  In  a  fora  corraapoadlng  to  tha  ajnaMtry  of  f|^(R); 
etharwlae  It  la  dafinad  as 

whara 

and 


4ftt 


(.)  ili  n,(R,o)  =  f,(R) 

w  |53.,3>vX4Kn,  n^(R,o)-.o 

If  A 

(•)  n,  CR,t)-  S4f  C-i,*) 

W  nx(R,t')  >  [t-«r(-k,t)]  V>(R,t) 

iih«r«  0(1.  t)  la  daflMd  by  aquation  (12b). 


4lt4 


Mtl 


«lMr«  Q^(ft,t)  la  daflMd  aa  tha  aolutlAii  of  tha  kooofary  volua  proUaa 

or  bjr  tha  Intagral  foraaila 

•o 

(*)  Ui  (K,t)  -  /jf/t  CR')  %  (R,  R‘,<)  JV  <«> 

—  oO 

an4  wbara  lr^Ot>K'it)  la  a  imlt  aourca  funetlao  In  a  form  corraayondlng  to  tha  axaoatry  of 
f^Ot);  othatwlaa  It  la  daflaad  aa 


z>o 


(52) 


furthataMra«  lr2(*>^' aourca  fuaetlon  which  la  daflnad  hy  tha  foraaila 


vV2^(R,R',t,Y)=  H',_(R,R',t-'y)  t>y 

dactlon  5fal 


(52) 


(53) 


whara  r^  ■'«  *  +  t*  and  tha  Laplaclan 


V^n 


V'h-=  —  —  ^ 


la  In  tha  apharlcally  ayaaMtrle  forat 


5a. 


(a)  n,Cr,t)=^C-M)^,C'r,x) 

(b)  n^(\r,T)--kj^Vf(-i(,'v)u,(r,5)a'r 


whara 


V 


(55) 


(b) 


liti 


and  ahar* 


Ml 


Dhar*  t* 


ami  tha  Laplaclaa  7^a  la  In  tha  axially  ayMMtrlc  lorn 


(•)  n,  (r, t) ^  Hf  (-A.*)  ^  Cr,t) 


07) 


«a. 


(86) 

whara 

(a) 

(77) 

(b) 

and  nhara 

(•) 

V  V 

(b) 

r^^x'^-^nrs'Cx.'Y) 

(85) 

(c) 

"i  y» 

Sactlon  6fb) 

<a) 

i£j ,  “P  V' n,  -  i^,r\,  ^  -  4,  (V) 

dl 

(87) 

(b) 

—  ’ ■fvC'r^ 
dX 

whara  tba  iaplaclan  v^n  !■  In  axially  ayaMtrlc  lorn  and  tha  fj(r)  ara  axially  aynnatrle. 


(a)  n,  Cr,  X)  ^  (-A,  x)  u,  (v-,t) 


4111 


'Vi ’  ifirijit ( ip)^ ("  4^^ ) 


t>y 


dx 


^  C'r,^,o)  =  4,  (v,^) 


(b)  n^(n^o)  =  -f^Cn^) 

•  2 

vh«r«  tha  Ltplaelan  v  n  it  In  th«  epllndrlcnlly  tyaMerle  forw 

•nd  th«  f]^(r,c)  «r«  «xi«lly  cyiawerie. 

(•)  n,  (r, i, X) .  Vf  ^ 

7«.  ^ 


(c)  »f,  5l^, 


t>Y 


«ttl 


,  h,Co,o,o)^(-70 

(b) 


t> 

1^\>  b 


(102) 


whar*  th*  Laplaelan  7^11  la  In  epllndrleally  ayaMtrlc  Iona. 


7b. 


irtiara 


(a)  u,  (r, I,  t) C t.i)  9,  c^, X) 


<b) 


P,  (r,t)  -  n,  (0,0.0)  -“0 


(d) 


(•) 


V  =  »-.*  ‘  t?,! 

1= 

In  particular, 

)-.  n,  (0,(^0) 

i  [^4  (■^0  +  *H)(-^.h)] 


(b) 


(c) 


V-iO 


\x\<\> 

\il>b 


111  <  t> 


w>b 


(93) 

(129) 


(122b) 


(126) 


4flf 


9 

•»'i  ,  a 

<•>  5J  =  'PiV’‘h.-k,n. 

(26) 

y  A 

h^C^o)=0 

(28) 

2 

«lMr«  tiM  UiplMlM  y  n  !•  in  thm  gttAar«ll««d  font 

V'n=  7*Vn 


8. 


(•)  n,  ( (-It,  t)  u,  (R^x) 


(29) 


wh«r«  Ut(Ift)  It  dtflntd  tha  aolution  iff  tha. boundary  valua  toobla^ 

*  ^  /  .V  '.  / 

'0,(r,6')  =  ^,(k) 


(M) 


otharwlaa,  it  It  daflnad  by  tha  Intagral  fonmila 

ad 


■J 


-oO 

wha^a  tj^CKiE*  |t)  it  an  approprlata  unit  aourea  function  corratpoodlng  to  tha  tyaMtry 
of  fj<I). 

'  /'•  .  '  (  •  ..■■■-  t,,  >  , 

Tha  varlabla  (  la  daflnad  at 

An  altamata  daflnltlon  of  U^(X,^)  It 

•o 


(138) 


(X36) 


-mO 


whara 


tKCt-Y)) 

(l-l')*’ 


with 


curat  III 


CUIOD  NDMU  vin  Bicomxunot  bdt  m>  dotimiw 

lactloa  9 

(.)  ^ ni  -  Jfc  n,  ir\,  Cr,o)  c  4,  (R> 

®  (137) 

dt 

(.)  n,  (R,^)  »  <,  (R)- v^(o[i- 

9.  (157) 

«lMr« 

(•)  X*  V^(R)/f,(R) 

(156) 

(H  V,(R)'j-^  [(j|,H‘lA^f.<tt)''‘-fc] 

Mot*  that  ^2(1^)  1*  ataady  atata  valua  of  n2(K>t) 

jL.  n^(R,»)-V,(R')  T>K 

3t-*T 


IfSS 


CBAFIB  If 


cum  nmu  with  oimsiaw,  FSBODO-aow-LnuH  pMcnni. 
Am  LZMtAH  nacnin 


l—tlOB  10 


(b) 


10. 


(.)  ^ -‘pv^n,  + 


dX 


n,(R,o)=  4  W 


(b) 


whar*  U(R,t)  i«  eh.«  •oluclon  of  tb«  boundary  valua  problaa 

(a)  U(R,o)'.4Cr') 

qX 

and  la  daflnad  by  tha  intagral  foraula 

aO 

<«  U<l!.t)--  /{/ ««') 

-cO 


whara  i|r(K,R',t)  la  a  unit  aourca  function  axpraaaad  In  a  fora  corraapondlng  to  tba 
of  f(R);  otharwiaa.  It  la  daflnad  aa 

V(R,R',t)= 

whara 


(162) 

(174) 

(175) 

(165) 

(166) 

•yMOtry 

(166) 
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lU. 


(•) 

it 

(fc) 

(•) 

(b) 

‘f'l 

^v(«i,0)cO 


what* 


(.)  n,  C«,<)  ’  ^  (r  k,0\J,  ( R,t) 


(.)  n.  (R,t)  •  j«.  «r  C- u,  (*.^)  i  ^ 


'f  --  ^  (<:-^) 

T^i 


and  whara  n^(ll|t)  la  daflnad  althar  aa  tha  aolution  of  the  boundary  value  problan 

or  by  tha  istagral  foraula 

OD 

<J,  ■-  jj/  f,  (f)  %  ( t,t‘,  t) 

-oo 

where  i)r(t|R'tt)  'la  a  unit  aourca  function  eapreaaad  In  a  fom  corraapondlng  to  tha 
aywMtry  of  f^(R):  otharwlae,  It  la  defined  aa 

tCKvVf 


whara 

Section  lllbl 

<- 


»  ^  ■yv'-n.-*'.'' 

J'X 


n,(R,o)wf,(R) 

n,.(R,o)  =  o 


(163) 


(184) 
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(.)  n,  ( R,t).  fff  C-lt, t)  u,  (R,t) 

lib. 

’*«'•  Didtt)  1.  m  1.  iMttM  U(k). 


MSS 


auFtn  ▼ 


CLOOD  MODKLS  GIXBUnD  BT  THB  COOnJD  ACTIOII  OB  OIR08ZOK 
AMD  or  MOM-LIMKAt  AMD  LIMIAX  ROCB88B8 


8«Ctl0B  12 

(•)  PV'n, -Xn, 

(b)  $!b 


nvCR,oV-0 


12. 


(•)  t^,  (R,t)  =  U(R,X)  -  n^CR,t) 

<b)  U(R,t)*  f  (R‘)  7(R,R',t)  <iV' 


-•a 


(.)  n^O, »)?■*(>,<)'=  ■ 


wh«r«  7(R,t)  It  tht  solution  of  tha  problta 

(b)  X  ( R,t)  *  [  u(R,t) 


«htr« 


(d) 


In  particular 


(•) 

(b) 


£(R,i:)=  [*^(X*)-i]u(R,t) 


(2«) 


(207) 


(212) 

(225) 


(226) 


(224) 


4Qil 


furthanora,  s  >  s(K>t)  aatltflM  tha  boundary  wlua  proklaa  conditlaM 


>  O  (222) 

Nhan  fj^(K}  la  apharleally  ayMaatrle  Oauaalaa 

f.CR) .  n  Co,o)  Hf  (r  -  xS  »*• 

thra  ^ 

u(M)  -  h,(o,o)  ^ 

with 

V  ’ 

Tha  corraapondlng  valuaa  of  y(R,t) ‘X  n2(h|t),  k(rtt)  and  h(r,t)  ara  found  by  ualng  thia 
function  of  U(R,t)  In  fonutas  for  y(R,t),  a(R>t)  and  h(t.t),  raapaetlvnly. 

(234) 

ns,CR,o)xf^(W 


Sactioa  13 
<•> 

OA 

(b) 


oo 

-oO 

where  y(Rit)  la  tha  aoluclon  of  tha  boundary  value  problaa 

(a)  ^  +  ia.  h(R,X) 


■ 

(b) 


<«)  * 


'•  AT 


(^) 


(236) 

(235) 

(239) 

(240) 


4fS7 


w 


h  CR,T>  ’  [ 


(241) 


and  wbar* 


oO 


(f) 


-oO 

/X 


wbar* 


yi#f  v'Cr',tC^^ 

*UCR;Y)V|»^(R,R',t,Y)4V' 


•>•0 


(2*4) 

(245) 


<«)  Ar(R,x)=  V*(R,t)+Ar“CR^t) 
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4.  omoo.  no?nTii8  or  cmaoL  uumis 


Th«  valua  of  an  undarataodlng  of  tha  optical  bahavlor  of  plannad  axpartaanta 
has  baan  dlacuatad  In  pcavloua  raporta.  This  phaaa  rapraaaats  a  coatlnulng  affort  for 
tha  undarataodlng  of  tha  aavaral  partlnont  araas  Including  raaonanca,  chaallumlnascanca 
and  partlculata  acattarlng.  Soaa  aapacts  of  tha  cats  of  raaonanca  aeattarlng  hava  baan 
trsatad  pravloualy.  Howavatt  In  this  quarter  additional  Input  to  raaonanca  seattaring 
has  baan  ganaratad  and  la  glvan  balow  along  with  brlaf  rafarancas  to  aoM  pravloualy 
raportad  natarlal.  Tha  lattar  la  Ineludad  for  continuity  and  conplatanass.  In  addi¬ 
tion,  chaallualnaacanca  atudlas  hava  baan  Inltlatad;  tha  currant  status  of  this  affort 
la  Indicated  in  this  section.  The  cases  of  resonance  scattering  and  chaallunlnaacanca 
are  discussed  In  turn.  The  case  of  particulate  scattering  la  left  ns  a  future  effort, 

A.  Kesonsi'.ce  Scatterlna 

Optical  properties  of  resonance  clouds  with  diffusion  has  been  discussed  In  some 
detail  In  AFCIL  207;  therefore,  no  details  are  given  hare.  However,  Tables  2a 
through  2d  reproduced  here  from  AFCBL  207  serve  as  a  convenient  condensation  of  the 
technical  area  covered.  The  Tables  Identify  the  physical  problams  Investigated,  the 
corresponding  defining  equations,  tha  derived  concentration  functions,  and  the  pertin¬ 
ent  solvttiona  for  the  preceding  cases.  Tables  3a  through  3d  present  a  sunnary  of  the 
techniques  to  employ  for  reducing  and  analysing  the  data.  For  an  extended  theoretical 
treatment  see  "Chemical  Release  Studies  VII". 

However,  aside  from  theoretical  approach,  considerable  paraiietarlsatlon  was 
accomplished  In  order  to  better  appreciate  some  of  the  practical  Implications  of  the 
theory  as  to  proper  experimental  design  related  to  the  determination  of  geophysical 
constant  and/or  practical  utility  In  systeM.  Only  a  few  axamplss  of  this  type  of 
paraowterlxatlon  are  Included  here. 

1.  Parameterization 

Table  4  gives  the  values  of  the  parasMters  used  as  well  as  the  governing  aquatlona. 
In  Pigs.  1  and  2  are  plotted  tha  variation  of  Isopbote  distance  with  tin*.  Fig.  3  shows 
tha  time  required  for  an  laopbote  to  reach  Its  naxlaanB  size  and  to  collapsa  to  sero. 

The  graphs  shown  are  computed  for  the  specific  case  of  the  relaasa  of  O.S  mla  sodium 

11  9 

and  than  reprasant  the  behavior  of  the  Isopbote  corresponding  to  8  <•  10  atsM/cm  . 

Note  that  tha"mlnlanim  slse  cloud"  refers  to  the  case  when  the  Initial  contaminant 
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siBMMnr  OP  omcAL  ptomms 

Tou  2«.  Disciimoii  at  msicAi.  nunuM 

xyp« 

Continuity  Equation 

Initial  Ralaaaa  Function 

Concentration  Function  n(r,0 

I.  Spharleslly 
SpMwtrlc  Dif¬ 
fusion,  Initial 

Cautalan 

Kalaaaa 

n-n(\r,t) 

oX 

Yy. 

II.  bcpanalon  of  a 
Karaflad  Gaa 
Into  a  Vacuum, 
Initial  Dalta 

Cautalan 

Kalaaaa 

W  w  \ 

III.  Spherically 

SyBEMtrlc  Dlf- 

fualon  with 

Conauaptlon, 

Initial 

Gauaslan 

Relaaaa 

IV.  Spherically 
SyBMtrlc  Dif¬ 
fusion  with 
Production  of 

Reaonant 
Speclaa,  Ini¬ 
tial  Gauaalan 

Relaaaa 

n(v,o>o  n»(v;o)*n^(-^v) 

V.  Cyllndrlcally 
Symmetric  Dif¬ 
fusion,  Finite 
Length  Initial 

Gaussian 

Release 

dx  ■  r  ^ 

y.1. 

n(r,o).no^(-7»)  ^ 

’o 

^  m>b 

I 

I 

i 


4MI 


nmxt  m  orioal  laotnig 


imi  2b.  omen,  nufini  or  nenont 

Typ* 

8  -  8(a,t) 

IMibat  of  PortielM  in  Intogrntod 

Lino  of  tight 

d2 

Diaunco  to  Zaoftioto  Corroapoading 

TO  gi4(d,t)  (gquarod) 

I. 

*i  0 

11. 

vt  u 

111. 

»  ITS  rj 

IV. 

t  0 

V. 

1 

I 


4141 


mmmMx  or  orzzGAit  muvHULiu 

T*ni  2c.  nkUMxm  or  Tumro  torn  jun  jaMjaiuumi  rozm 

rypc 

*^mcx 

'^d-0 

■ 

eitS 

JLf  JL  -V‘‘\ 

V  €Trs 

jLfJt  -v'-N 

HpVuS  ) 

II. 

K) 

CT\S 

1  /  M  VIj. 
vVensJ 

fTfTM 

III. 

-e] 

IV. 

,^r  e-rrsvi’-  1 

Ud-^(-»*)JJ 

PilT  YWKot  1 

YW  Vc-d 

ill  il»fri-^4.V)'^«(>Yl 

Y-tiff  1 

^  Izu'^br^sJ" 

1  r  ^b<r^WfC-V)Gi^  1 

»*  ITt’^bS 

4l4t 


1 

»(t) 

cbui  nux/SM- 

*w 

*»«« 

TlM  to  ftMOh 

B 

rH 

JrM, 

II. 

t>N 

TTTt‘^ 

fUSt  Ah^. 

w. 

pvir,‘S. 

t*if„ 

Hyt-wfC-in^ 

IL 

»l[\.t,f(.U)} 

V. 

let  tultabl*  for  total  flux  aaalytlo 

04t 


_ f^wLttrlC  ISotWoTg  _ 

.TAL  flMX  ReAVlN&S  I  TSoVHoTe  teAV>WfrS 
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SIRMART  OF  PAIAMKTBR  IFALUATIOM 


TABU  3d.  USOMAHCB  CUXID  TTFB  IV 


with 


HTTfS.t, 


lal,2,3,  k  Is  the  root  of  G(k)MO, 


where 


-^t)  (-xt) 


Ki’ 


IMI 


i 


TABU  4 
nSOMAMl  CUODS 

PMUMCmS  08BD  III  ISOnOBt  AMALTSIS 


h 

(k«> 

1) 

(CB^/S«C) 

c 

(  /s«c) 

MlnlM  SlM 

ClOMd 

to  < 

Ov«r  branted 
Claud 

to  (  c») 

60 

1.8  X  10* 

38 

1.97  X  10* 

4.0  X  10* 

70 

5.4  X  10* 

2.51 

3.12  X  10® 

6.7  X  10* 

80 

2.4  X  10^ 

7.93  X  10‘* 

5.55  X  10* 

1.2  X  10* 

90 

1.7  X  10* 

2.50  X  10’* 

9.84  X  10* 

2.1  X  10* 

100 

1.4  X  104 

5.88  X  10"5 

1.60  X  10* 

3.4  X  10* 

110 

1.1  X  10^ 

1.99  X  10"* 

2.78  X  10* 

6.0  X  10* 

120 

5.5  X  10^ 

7.92  X  10"® 

4.40  X  10*' 

9.5  X  10* 

200 

3.5  X  10* 

8.46  X  10"^^ 

1.80  X  10* 

3.9  X  10* 

300 

2.3  X  10^° 

1.96  X  10”^* 

3.37  X  10* 

7.3  X  10* 

mi 


30HVI$I0  ii0M40Sf 


'»}  99M9AtlO  3A0M3f?tl 


eMt«r*volat  4«ialey  aqiMla  th*  uafcrttirM  aabiaat  daulty  whnrMS  fUmacm  to  tho 
"oyroKyndod  eloa4"  lodleotoa  ehot  tho  Initial  eontanlnuit  eantar>polnt  ^analty  la  takan 
to  ba  only  ona-taatb  of  tha  aafelant.  In  noat  Inatancaa,  thla  rango  probably  braekata  tba 
axlatlng  pbytleal  altuatlan.  In  althar  caaa,  tha  aanaltlvlty  to  tbla  paraaatar  la  ladl- 
catad. 

Sha  data  dlaplayad  In  Flguraa  1-3  llluatrata  tha  aaaaral  uaaa  of  optical 
obaanratlona  on  raaonanca  elouda.  Vor  axanpla,  tbaaa  or  ralatad  data  can  sarvo  to  ylald 
infomatlon  on  ehaadeal  ylald,  lonlaatlon  ylald  (utlng  raconant  Iona),  dlffualoo,  nagnatlc 
field  allgnnant,  ehanlcal  eonauaptlon  rataa,  and  nany  otbara  dlaeuaaad  In  AfOIL  207  and 
AFCatL  218. 

An  additional  Intaraatlng  uaa  of  tbaaa  taehnlquaa  la  In  tha  anployoant  of 
raaonant  elouda  for  tha  datamlnation  of  dlffuaton  nachanlana;  tha  following  nathod  nay 
ba  anployad.  tha  payload  could  ba  dopad  with  pradatamlnad  anounta  of,  aay,  two  (or  nora) 
ebanicala  of  wldaly  dlffarant  naaaaa  (which  alao  poaaaa  dlffarant  optical  raaonanca  axclta- 
tton  lavala)  and  ralaaaad  undar  twilight  condltlona  ao  aa  to  ganarata  datactabla  charaetar- 
iatle  aolar  raaonanca  radlatlona.  Than,  proper  optical  obaarvatlona  on  tha  dlffarantlal 
dlffuaion  aa  ralatad  to  tha  aaaa  dlffarancaa  could  ba  corralatad  to  tha  dlffualon 
nachanlan.  For  axaaqpla,  in  prlnelpla.  It  would  ba  poaalbla  to  eonpara  tha  eharaetarlatlc 
"conatant  Intanalty  contoura"  (or  laophotea)  growth  rataa  for  tha  varloua  ebanicala  of 
different  naaaaa  and  aacartaln  If  any  dlffarancaa  in  tha  obaervad  growtha  could  ba  duo 
to  nolacular  dlffualon.  Although  no  datalla  are  given  bare,  rafaranca  la  now  nada  to  a 
apaclflc  axanpla  which  haa  bean  Invaatlgated  and  reported  In  a  note  entitled  "A  Hano  on 
tha  Uaa  of  Keaonant  Xracera  for  tha  Datamlnation  of  Dlffualon  Nachanlana,"  GCA  TOehnleal 
Nano  go.  61-1-AfM. 

The  nano  exanlned  the  ralaaao  of  a  payload  which  contained  one  nolo  each  of  Ma 
and  LI.  It  waa  aaauand  that  both  the  ehanlcal  eonauaptlon  rata  and  tha  aolar  raaonanca 
efficiency  of  llthlua  waa  one  order  of  aagnltuda  greater  than  thoaa  of  aodlun.  Ihroa 

ralaaao  altltudaa  ware  conaldarad;  nanaly,  90,  110  and  200  kn.  For  tbaaa  eaaoa,  tha  tlna 

2 

behavior  of  the  radlua  of  a  glvan  laophota  (d  )  waa  Invaatlgated.  Iheaa  raaulta  are 
given  In  Flguraa  4,  5  and  6,  which  anka  evident  tha  care  that  nuat  ba  axarclaad  In 
axparlnanta  of  tbla  kind.  For  axanpla,  tha  critical  Inportanca  of  underatanding  tha  rolaa 
of  ehanlcal  eonauaptlon,  aolar  raaonanca  efficiency  and  dlffualon  la  node  evident  In  tha 
flguraa.  Finally,  it  ahould  ba  noted  that  the  raaonanca  aeattaring  work  thua  far  daala 
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ontjr  with  the  obm  of  baek«aeatt*r.  OoMrollHtlon  ahoold  b«  axtao4a<  to  tho  oaoM  of 
whora  tho  pliaaa  aagla  dlffara  fro*  ISO**.  Vurthar  a  aoro  owet  troataant  aaiag  radla» 
tlva  tranafar  tachaiquaa  ahould  ba  parforaad. 

Cheallualnaacanca 

1 .  Introduction 

Artificial  cbaallualnaacont  clouda,  produced  by  ralaaalnf  knom  aaounta  of 
apaclflc  chaalcala  Into  tha  upper  ataoaphara,  at  praarrangad  halghtt,  to  react  with  an 
ataoapbarlc  In  cuch  a  aannar  aa  to  yield  lualneacanca  haa  bean  aaployed  aa  an  ataoa- 
pbarlc  probe.  In  addition  to  axperlaanta  parforaad  according  to  tba  original  auggeatlon 
of  a  aodlua  chaallualnaacanca  reaction  with  atonic  oxygen  other  chaallunlneacent  ax- 
perlawnta  have  Included  the  reaction  of  relaaaed  nitric  oxide  with  anblent  atonic  oxygen 
and  of  relaaaed  ethylene  with  anblent  atonic  nitrogen.  Theae  Initial  exploratory 
axperinenta  aerved  to  Indicate  the  feaalblllty  of  aucceaafully  ualng  the  technique 
(of  chanllunlneacent  clouda)  for  atnoapherlc  axperinenta  and  alao  aa  an  aid  to  under- 
atandlng  aome  current  AF  applied  probleaa  In  nlaalle  trail  technology.  However,  tha 
initial  work  alao  did  aerva  to  Indicate  aavere  gapa  in  tha  naceaaary  ground  work  for 
proper  analyala  of  exfjarlnenta  of  thla  dealgn.  Accordingly,  aona  Initial  theoretical 
effort  haa  been  directed  toward  alleviating  thla  altuatlon.  The  detalla  of  thla  phaae 
have  been  Included  In  a  recent  AFCBL  201  Report  entitled  "Chealcal  Releaae  Studlaa  VI: 
Optical  Propertiea  of  Chanllunlneacent  Clouda  for  Two>Body  Chenlcal  Re'<tctlona  Without 
Olffuaion".  Several  nodela  are  given  In  trtileh  the  alnpllflad  concentration  flelda  are 
preaented;  the  continuity  aquatlona  eaqrloyed  are  United  to  two-body  cbaadcal  reactlona. 
The  Initial  condltlona  aaauaed  are  written  In  aaveral  tema  of  arbitrary  Initial  releaae 
geomatrlea.  Tha  optical  propertiea  of  theae  chanllunlneacent  cloud  nodela  are  then 
defined  in  tarna  of  the  denalty  functlona;  theae  propertiea  are  (a)  F^^Cr,!),  the 
photon  flux  per  unit  voluaw,  (b)  B(d,t),  the  brlghtneaa  per  unit  area  along  a  line  of 
eight  through  tha  cloud,  and  (c)  the  total  flux  of  the  cloud.  The  aodel  la 

apaclfiad  to  be  that  arlaing  froa  apherlcally  aynnetrlc  interaediate  Gauaalan  relaaaea 
of  the  contanlnant  where  the  dilution  of  the  contanlnant,  at  the  canter-point  of  the 
cloud,  relative  to  the  anblent  denalty  (\)  la  left  general;  and  accordingly,  the  ratio 
of  the  ataoapbarlc  reactant  denalty  to  the  aablent  denalty  (f^)  la  alao  left  general. 

Later  the  generality  of  the  Initial  denalty  of  the  contaalnant  and  ataoapbarlc 
reactant  la  raaovad  by  aaaunlng  a  ayaaetrlc  Gauaalan  releaae;  the  foraulaa  derived  are 
tranaferred  over  In  detail  with  the  apeclflcatlon  that  X  "  1  *nd  f^^  ••  1. 
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Another  plwM  of  tbo  work  donlo  with  tho  chawHualnoacMt  cloud  Mdola  of  finite 
extent  (in  one  diwanaion,  at  leaat)  end  a  finite  hoaoganeoua  apbare  ia  diacuaaed.  Next 
a  apherieal  ahell  wodal  with  an  uneixed  core  ia  diacuaaed.  Finally  the  propertiea  of 
a  finite  apherieal  cloud  ia  inveatifated  for  which  the  initial  relaaaea  of  contaminant 
are  linear  and  parabolic,  reapactively.  The  detaila  are  not  given  in  the  preaant  report 
but  the  reader  ia  given  reference  to  AFdL  201.  However,  it  ia  appropriate  here 
to  include  cnly  the  baae  raaulta  of  the  work  cited. 

2.  geaulta 


Becauae  of  the  voluminoua  nature  of  the  atudy  only  final  raaulta  will  be  preaented 
in  a  condanaad  fora.  Deflnlttona  of  tarma  not  previoualy  nentioned  are  relegated  to 
Che  gloaaary  given  at  the  end  of  chia  aection. 

a.  Optical  Propertiea  of  Cheallumineacent  Clouda;  General  Conaldarationa 


(1)  Photon  Flux  F^^(r,C)  per  Unit  Volume 


F  (r.t) 
cc 


n  (r,o)x(r,o) 


rn^jfr.o)  -  x(r,o)  “|  ' 
ln^(r,o)-p  x(r,o)  J 


list 


r,(t) 


f-(t)  -  /  F„<r,t)<r 

or  by  tho  oroa  Intogtal  o£ 


F^<t)  -  2lT  B(r.t)4r 


(7) 


(«) 


Most  «ro  glvon  tho  roMlto  of  ovoluotlnt  tho  obovo  for  roriouo  phyolcol  oomo. 

b.  fyoMtrlc  IntonMfioto  COHOofon  Kolooao.  Initial  Cantar-Foint  Danaity  of 
tho  Contaalnant  Laaa  than  Aablant 

(1)  Photon  Flux  par  Onit  Voluaa,  F  (r,t) 

cc 

Tha  fonnila  for  tha  photon  flux,  F^^(r,t),  par  unit  voluaa  (ca^), 
for  tha  praaant  caaa  takaa  tha  axpliclt  fom 

^^il-f^d-  X  *)  ]  *axp  [-kg^n,(Xl-f,(l-  Xl»tJ 


F^^(r.t)  ■  k„  X  f  n  ^<1-  Xe) 

cc  P2  X  a 


[XK-fjjd-  XDaxp  [  -kc2H,(  XB-f*d-  Xl»t]J 


2 

(9) 


(2)  Brlghtnaaa  par  0alt  Araa,  B(d,C) 

Tha  foraula  for  E(d,t)  takas  tha  axpliclt  fora 


(10) 


whara 


B  S  axp(-r^/r  2). 

o 

c.  Syaaatric  Gauaalan  Rolaaao;  Initial  Cantar-Polnt  Danaity  of  tha  Contaalnant 
Equal  to  tha  Aabiant  Danaity 

Tha  X  factora  of  b,  in  daaling  with  an  IncaraMdlata  Gauaalan  ralaaaa, 

ara  now  nada  aqual  to  unity,  ao  that  tho  initial  concantration  of  tha  contaalnant  la 
dafinad  as 

*»  9 

(11) 


2  2 

n  (r,o)  -  n  axp(-r  /r  ) 

C  4  0 


(1)  Photon  flux  par  0nlt  Voluaa,  P  (r,t) 

CC 


'cc<'''>  ■  V. 


(21-l)2«tp  [.kg^n^(2l.l)t^ 

^E-(1-I)axp  t-'‘c2'Vi<»-»>^ 


(12) 


whara 


I  >  oxp- 


(2)  BrIthtwMa  par  Otate  Araa,  1(4, t) 

1(4, t)  -  2k  n/  I  ^ ^  jiL—  (13) 

'<4  [l-(l-l)ai^[.k^^,^(2«-l)t] j  [r*-4*]' 

4.  Hoaoganaoua  Flnlta  Sphara  Kalaaaa 

Tha  eontaalnanc  la  now  attuaw4  to  ba  unlloralp  diatributa4  Inaida  a  apharical 

ration  of  radlua  at  tha  Inaunt  t-o,  ao  that  n  (r,o)  •  n  (o,o)  ••  n_,  o^rilK.  Tha 

c  c  o 

ataoapharlc  raaetant  haa  tha  Initial  concantratlon  x(r,o)  •  x(o,o)  "  •  n^-n^,o^r4|l 

whara  n  •  Xsi  ,  o^X^l  ao  that  x  >  (l~X)n.,  whan  o  ^1>X<  !•  Thua,  now  for 

O  A  O  • 

tha  hoBMganaoua  caaa  tha  following  apply. 

(1)  Photon  Flux  par  Unit  Volwaa,  Fcs(a,t) 

j,  .  .  -  •*?  r*’‘co"a(*X*l>tJ 

-  V-  r — — - = - ^ 

I^X  -(l-X)axp  t-he^n,(2  X-DtJJ 

(2)  Brlghtnaaa  par  tTnlt  Araa,  B(4,t) 

B(4,t)  -  2k  n^^X(l-X)(2X-l)^(2^-d^)^ 

|X -d'X )axp  [.kg2n,(2 X -Dt^J 

(3)  Total  Flux,  7^(t) 

Pjd)  -  I  ¥  r^  F^^  (16) 

a.  Honoganaoua  Spharlcal  Shall  Surrounding  an  Unnlxad  Amblant  Spharlcal  Cora 
Tha  two-body  chamlcal  raactlon  la  conflnad  to  a  apharical  ahall  raglon 
R  ••  r  ■  R  T,  of  wall  thlcknaaa  T;  tha  Inner  apharical  cora  raglon,  of  radlua  R, 
la  lavarvioua  to  tha  reaction. 

Initially  one  haa  thci  following  concentration  flelda: 

n  (r,o)  -  n  -  Xn,  ,R^ri.R+T 

x(r,o)  “o  "  <l‘X)n,  , 

for  the  apharical  ahall  raglon  and 

n_(r,o)  -  o  ,  o  ^  r  <  R 
c 

x(r,o)  -  n^ 

for  tha  apharical  cora  raglon. 


mi 


(1)  fhotcM  Flux  p«x  Onit  FoIum 
Xa  th*  aFtiarleal  alMll  wa  baya 

whara 

P  -  P(r.t)  -  axp 


(2)  Irightnaaa  par  Dale  Araa,  B(d,t) 


For  caaa  (b)  tha  laophota  B  ■  B(d,t)  la  daflnad  bj  tba  loraula 


B  -  B(d,t)  -  2  [^<B+T)2-d2]^ 

f.  Additional  Hodala 

Ihara  hava  baan  avaluatad  additional  chealluadnaacant  clouda  with  dllfarant 
conflguratlona.  Thaaa  Includa  a  flnlta  apbara  with  a  llnaar  dacraata  of  tha  contaalnant 
and  alao  tha  caaa  of  tha  parabolic  Initial  distribution.  Thaaa  ara  glvan  In  "Chaaical 
Balaaaa  Studlaa  VI"  and  for  purpoaaa  of  brevity  will  not  be  given  here. 

3.  Faraneterlzatlon 

The  evaluation  of  the  various  aodels  has  proceeded  to  tha  point  of  calculating 
the  various  kinds  of  brightness  profiles  and  flux  per  unit  voluna.  To  Indicate  this, 

SOM  salected  graphs  are  Included  <Flgs.  7-10).  They  are  self-explanatory  whan  used  In 
conjunction  with  tha  taxt. 


4tSS 


FICUKE  9;  HOMOGENEOUSLY  MIXED  SPHERE  BRIGHTNESS  PROFll-E. 


d 

^t-0 

0 


»c<0 


Qumun  or  fiMMu  (wi  mvzoosLT  oimD)  rat  OHBaunanacBKi  fiDiir 

P^tlnltloa 

brtihtiius  p«c  unit  araa  along  lint  of  alght  L,  a  dlataaea  rad 

froa  origin  raO,  at  tiaa  t  >  0 

laopbota  dlatanea,  dlatanco  of  llna  of  sight  L  of  brlghtnass  froa  origin 

laopbota  dlatanea 

Isophota  dlatanea  at  tlaa  taO 

dlffualon  coafflclant 

total  nuabar  of  eontaalnant  aolaculaa  at  tlaa,  t 

*(r.o)  /  [n,  -  n^Cr.o)] 

paraaatar  of  langth  along  llna  of  sight,  L 
eoaponant  of  8  In  x  dlraetlon 
eonatant  (x,>,r,t) 
kcj/^a 

two-body  consumption  rate  of  contaminant 
two-body  chaadlualnascant  rata 

kpj  *, 


»c<0 
P.  P(r.t) 

^*d-0 

'tda. 

u(r,t) 

x(r,o)  or  x^ 
x(r,t) 


nuabar  density  of  ambient  molaeulas  In  undisturbed  anvlronmant 

concentration  or  number  density  of  molecules  (atoms)  of  contaalttant 
per  cm^ 

total  number  of  molecules  of  contasdnant  at  tlms  t  ^  0 
•«P  [-kc2(ne(r,o)  -  x(r.o)t] 

•*P  [-kc2(Oo  ■  V  ‘daO^ 

•*P  [-kc2  <“o  ■  *0^  ‘d-gJ 

number  density  of  contaminant  or  reactant  being  consumed  at  r  ~  0,  t  >  0 
Initial  concentration  of  reactant  at  taO 

concentration  or  number  density  of  atmospharlc  reactant  of  species  x 
within  the  cloud  at  r  £  0  and  t  &  0 
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3.  ir  FtoPASATioii  snons 


Tha  uaa  of  varloui  IF  aqulpanita  and  axpariaanta  in  cha  artificial  alactron 
cloud  program  la  wall  known  and  raqulraa  no  capatlelon  barn.  It  aufflcaa  to  atata  that 
tha  aavaral  lonoapharlc  aoundara,  back,  forward  (and  alda)  acattar  radar  and  coaaainica- 
tlona  axpariaanta  conductad  during  tha  Flrafly  prograaa  hava  aarvad,  in  conaort  with  tha 
optical  awaauraawnta,  aa  Indleatora  of  tha  dagraa  of  auccaaa  of  tha  Individual  ahota  with 
raapact  to  cloud  poaltlon,  IF  croaa  aactlon,  electron  denaltjr  contoura,  total  electron 
content,  ate.  Moat  pravloua  theoretical  nodala  which  hr /a  been  applied  to  tha  caae  of 
IF  propagation  hava  tacitly  aaauaMd  a  conatant  total  nuaihar  of  alactrona  aa  wall  aa  a 
dlffualon  controlled  andal.  It  la  therefore  noteworthy  that  tha  Initial  aiath  'Nitlcal 
■odala  Indicated  tha  need  for  additional  aophlatlpation  and  gx»ra  raaliatlc  nodala  for 
day,  night  and  twilight  ralaaaa  condltlona.  Tha  aolutlons  of  Bona  of  the  general  natha- 
natlcal  taodala  praaentad  earlier  In  thla  report  have  been  oriented  toward  tha  detemlna- 
tlon  of  tha  alactron  danaltv  (at  the  canter  point,  any  point  and/or  any  ahell)  for 
application  to  tha  IF  problem,  wharaaa  other  aolutiona  have  been  directed  for  uaa  in  the 
optical  caaaa  where  the  integrated  path  length  la  the  uaual  parameter  to  be  applied, 

A.  IF  Prooegatloii  Modala 

The  alwpleat  electromagnetic  nodal  applied  to  the  electron  cloud  la  the  reflective  one; 
thia  liapliaa  raplacaaMnt  of  the  cloud  by  a  totally  reflecting  aurface  defined  by  tha 
critical  radlua  at  tha  IF  wavelength  of  internet.  A  more  raaliatlc  treatawnt  ahould  take 
into  account  tha  refractive  effecta  for  more  forward  geometrlca  by  Introducing  the 
refractive  banding  of  tha  incident  energy  from  the  linderdenaa  electron  concantratlona 
leading  to  greater  valuea  of  cloud  croaa  aection  and  efficiency  for  propagation  dlractiona 
other  than  thoaa  from  aimpla  backacattar.  It  la  felt  that  a  natural  axtanalon  of  thaaa 
alactromagnatlc  aaidela  Ilea  in  the  direction  of  a  treatment  of  tha  problem  by  the  technl- 
quea  of  geometric  optica  auch  that  ray  tracing  ahould  be  applied.  Before  any  complex 
analyaia  or  indicated  ray  training  can  ba  employed,  the  requirement  la  for  more  raaliatlc 
cloud  aMdala  aa  exemplified  by  Section  2.  Thua,  the  next  ataga  auggaata  itaelf  in  tha 
incorporation  of  geometric  optica  to  tha  IF  propagation  caae  employing  aoma  of  the  modala 
In  thla  report . 

Tha  reaulta  of  tha  general  day  and  night  tiaM  modala  In  tarma  of  tha  canter  point 
danalty  normallaad  by  tha  initial  canter  point  value  are  ahown  In  Figuraa  11  through  14. 
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Tahiti  S  and  6  Indleata  tha  partMCara  anployad  for  tha  grapht.  Tht  "ainlMM"  and  "ovar-  ! 

axpandad”  eloodi  hava  baan  daflnad  in  tha  aaetlon  on  Optical  Fropartlaa.  Kara, ^  la  tha  j 

attaebaant  probably  wfaara  IT  la  a  pauado  racaahlnatlon  coafflclant  utlllaad  to  raplaea  tha 
non-llnaar  0^  n^  tom.  D,  C  and  r^  art  dlffualoa  coafflclant,  chanlcal  conaunptlon  rata 
and  Initially  Guaaalan  half  width.  With  thla  Infomatlon  tha  Tablaa  and  Grapha  ara 
aufflclently  labalad  to  ha  lalf-axplanatory.  Tha  curvaa  ara  of  apaclflc  Intaraat  for  tha 
RF  charactarlatlea  alnca  If  a  raaaonabla,  iManlngful  valua  of  tha  Initial  cantar  concen¬ 
tration,  (0,0)  la  choaan,  then  the  flgurea  depict  tha  variation  of  the  cantor  point 
electron  denalty  ia^(0,t)  with  tliM.  If  the  tacit  aaaunptlon  la  auala  that  the  critical 
frequency  of  return  la  controlled  by  the  center  point  denalty  (alnca  the  apatlal  dlnenalon 
requlraaNnt  la  at  noat  a  few  wavelengtha),  then  theaa  flgurea  can  alnllarly  be  Interpreted 
In  tenu  of  the  C-3  raaulta;  l.e.  critical  frequency  aa  a  function  of  tlaw  for  tha  aevaral 
altitude!  conalderad.  It  la  to  be  noted  that  alnca  the  only  aaaunptlon  which  haa  bean 
Bade  haa  baen  the  aaalgnment  of  a  particular  value  to  n^  (0,0)  and  that  tha  general  form 
of  the  curvaa  In  Flgurea  11  through  14  do  not  change  whan  viewed  In  term  of  critical 
frequency  va.  tlm.  From  the  above  flgurea  one  can  obtain  knowledge  of  both  tha  Cauaalan 
half  width,  ro,  and  the  tlm  variation  of  the  total  electron  content,  and  can  then  calcu¬ 
late  the  ahell  radlua  of  any  particular  valua  of  electron  denalty  and  Ita  tlm  variation. 

I 

Thla  In  turn  la  alaqily  convertible  Into  cloud  croae  aaetlon  aa  a  function  of  tlm.  In 
other  worda,  fron  the  data  which  hove  been  generatod  from  the  general  nodela,  the  tlm  and 
altitude  variation!  of  both  critical  frequency  and  cloud  efficiency  or  croaa  aaetlon  aay 
be  obtained.  Bxtenalon  of  the  praaant  work  will  proceed  In  the  Indicated  direction. 

B.  BF  Annllcatlona 

Raving  diacuaaed  the  phyalcal  proceaaee  and  wodela  Involved  in  the  technology  of 
artificial  electron  clouda  It  la  of  Intereat  to  aumarlxa  and  review  aaveral  aapecta  of 
RF  propagation  application!  to  exlatlng  ■llltary  ayatem.  In  general  the  >F  ayatem  to 
which  the  artificially  generated  envlronmnt  la  mat  alnply  and  naturally  applied  are  in 

the  oreaa  of  comainlcatlona.  Before  dlacuaaing  the  above  individually  It  la  worthwhile  atatlng  j 

aeveral  charactarlatlea  of  the  technology  with  reapect  to  ganeral  ■llltary  ayataa  intereat. 

At  frequeneiea  above  tha  NDF  of  tha  naturally  oxlatlng  F2  layer,  comainlcatlona,  for 
exmple,  la  Halted  by  tropoapharic  (l.a.  low  altitude,  tharafore  reatrlctad  range), lono- 
apherlc,  mtaor,  etc.  acattar  ayatem  ground  to  ground  or  by  alaple  lim-of-alght.  The 
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artificially  ganaratad  lonoaphara,  howavar,  offara  a  ontqua  aoda  by  aatabllahlng  a  naval 
gaoawtry  which  doaa  not  naturally  axlat.  It  la  cartalnly  to  ba  notad  that  a  currant 
proposal  of  Intaraat,  tha  'Maadlea'  concapt,  aa  wall  aa  aatallltaa,  ball'Mnn,  ate.  could 
conceivably  parfom  alnllar  nlaalona.  Oparatlonally,  howavor,  tha  fact  that  Initiation 
of  transnlsalon  In  tha  alactron  cloud  ayataa  la  dataralnad  (wth  In  tlaa  and  apoci}  by  tha 
useri  oakaa  enaaqr  datactlon,  countanaaaaura,  ate.  axtraiialy  difficult.  Tbarafora,  although 
alternate  technologies  to  tha  artificial  cloud  hava  bean  propoaad  which  are  fraquantly 
alnpler  to  Inpllment,  cha^ar,  etc.,  n»at  adnlt  to  tha  additional  deficiency  of  easy  enany 
countermeasure . 

1.  Coimmnlcatlona 

There  are  generally  three  situations  whareln  the  cloud  could  be  conceived  as  a 
reflector  In  unique  mode  RP  conasinlcat Ions .  The  first  of  these  Is  In  a  tactical  situation 
where  high  reliability  (l.e.  high  signal  to  noise  operation),  relatively  high  frequency 
(e.g.  VHF-UHP),  secure  (i.e.  relatively  difficult  to  Jam  or  countamaasura)  coasaunleatlons 
is  required.  This  may  mean  ground  to  ground,  air  to  ground  or  ground  to  air  as  tha 
situation  requires.  One  may  think  of  the  natural  application  to  very  long  distance  (l.e. 
high  altitude  cloud  generation)  Intercontinental  links  for  this  application.  A  second  case 
Involved  the  re-establlshment  of  communications  In  a  tactical  situation,  nuclear  dagradad 
envlroranent.  Prom  the  Hardtack  data  It  la  known  that  there  existed  soma  degradation  of 
the  normal  RP  propagation  modes  which  varied  as  a  function  of  tha  Inverse  square  of  the 
frequency.  There  la  some  discrepancy  as  to  the  degradation  time  at  HP  but  outage  perlode 
on  the  order  of  a  day  seem  appropriate.  It  Is  here  that  cloud  cogaeunlcatlons  could  ba 
Initiated  at  a  carrier  frequency  which  Is  no  longer  suffering  dagradatlon  (  >  HP).  Tha 
final  application  la  somewhat  analogous  to  the  previous  one  In  that  It  la  realised  that 
during  low  sunspot  activity  periods  tha  normal  Ionosphere  does  not  support  high  MOP  values. 
To  supplement  this  electron  deficiency  during  these  periods  artificially  would,  in  effect, 
re-create  a  normal  high  sunspot  Ionosphere.  Conceivably  this  could  be  performed  on  a 
routine  basis  with  vary  small  payloads. 

2.  Other  Applications 

The  several  other  applications  may  be  somewhat  loosely  grouped  In  terma  of  a 
unique  geometry  class  and  a  proposed  Interaction  class.  The  discrimination  application, 
wherein  a  cloud  la  gonerated  such  that  a  decoy  ensemble  and  warhead  Impinge  the  cloud  upon 
re-antry,  fit  Into  the  latter  category.  It  la  expected  that  many  Interactions  between  the 
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d«coyt  md  the  artificial  cloud  will  occur  which  will  aid  In  dlacriailnatlon. 
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6.  URMUtT 


In  thli  naetlen  It  tuattristd  tha  aaaantlal  faaCuraa  of  thla  raport.  For 
ualforaltp  tha  tuaaary  la  awda  to  follow  tha  foraat  of  tha  doeuaant.  Accordincly,  it  la 
praaantad  la  tha  followlat  phatatt  (1)  Chaalatry  of  Oppar  Ataoaphara  Kaltaaat,  (2)  Hatha- 
■ttlcal  Modali  for  Chtaleal  lalaaaf  Studlat,  (3)  Optical  Fropartiea  of  Chaaleal  talaaaaa, 
and  (4)  IF  Fropacatlon  Studlaa  Including  Applications . 

(1)  Chanlatry  of  Oppar  Ataoaphara  lalaaaaa 

Chanlcal  ralaaaaa  art  analyaad  In  tacna  of  two  auccaaalva  proeaaaasi  flret,  fomatlon 
of  Che  Initial  reaction  producta  and  second,  evaluation  of  the  non-equlllbriusi  kinetic 
processes  during  expansion.  Application  of  various  aodels  and  coaq^arlson  with  exparl- 
■antal  results  provides  the  basis  for  recowsendations  for  optlnlsatlon  for  various  types 
of  releases. 

Initial  reaction  product  coapositlons  and  flaae  tenperatures  can  be  calculated  on  the 
basis  of  equlllbrlun  processes  with  the  aid  of  theraodynanical  data.  Details  are  given  in 
AFCRl  Report  No.  229  entitled  "Chealcal  Release  Studies  IV:  Chealstry  of  Upper  Altitude 
Releases"  by  D.  Goloab  and  A.  W.  Berger. 

In  the  alualnua>alkall  nitrate  reaction  auuciswa  ionization  is  obtained  with  Che 
stoichioaetrlc  reactant  ratio.  However,  this  reaction  is  relatively  slow  and  therefore 
the  reaction  say  be  extinguished  at  burst  of  the  canlstar,  l.e.  whan  the  equlllbrlua 
pressure  above  the  reacting  aixtura  reaches  Che  burst  pressure  of  the  cenister.  It  is 
es^hasized  that  it  Is  probably  difficult  to  assure  reproducibility  in  a  series  of  relsases 
based  upon  detonating  nixtures,  unless  the  packaging,  grain  size,  canister  strength,  etc. 
are  coapletely  equal.  Furtheraore,  recoablnaclon  losses  of  the  ionized  species  (and  neutral 
atons)  is  Increased  in  a  high  pressure  release. 

Propellant'type  constant  pressure  releases  have  been  shown  to  have  potentially  greater 
Ionization  efficiency  than  detonation  systeas.  The  disadvantage  Inherent  in  constant 
pressure  (propellant-cype)  releases  of  having  a  long,  narrow  trail'  of  relatively  dilute 
plasiM  nay  be  ovsrcosM  by  using  a  cluster  of  nozzles,  or  a  large  nuaber  of  nozzles  swunted 
on  a  spherical  container  (hedgehop  boab). 

Concerning  the  problea  of  initial  expansion,  an  accurate  evaluation  of  the  initial 
stages  of  an  explosion  Is  very  conpllcated.  However,  specific  aodels  nay  be  sat  up  tjo 
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•pproximt*  th*  cxpcctad  yield  of  cbaaical  •poelea  (prlaerily  oloctroM)  which  surwlv*  tho 
raeoiAliiatloii  during  oxpnnaion. 

la  on*  of  th*  aor*  aophlaticated  traatnant*  (cf.  AFOtL  202),  correlation  waa  obtained 
between  the  calculated  nunber  of  electron*  quenched  in  th*  cloud  after  expanalon  and  the 
If  ground  obaervatlon* .  furtheraore,  th*  reault*  auggeat  the  following  iaportant  conclu> 
aionat 

1.  lb*  final  dagrea  of  ioniaation  in  the  expanded  cloud  1*  e  direct  function  of 
initial  energy  and  an  invarae  function  of  initial  radiua. 

2.  Th*  Initial  expanded  cloud  diatribution  (neglecting  turbulence)  la  non-hoaogeneoua . 
The  electron  denaity  la  expected  to  decreaae  aonotonlcally  froa  the  center  point  to  the 
outer  boundary. 

3.  The  final  degree  of  ionization  la  inveraely  proportional  to  the  average  apeciflc 
heat  ratio  of  th*  expanding  gas. 

Th*  preaent  work  alao  contain*  aoaa  brief  caeaent*  concerning  the  "India"  releaae  in 
which  barlua  waa  not  obaerved.  It  waa  ahown  that  if  theratodynaaic  equlllbriua  1*  aalntained 
up  to  a  tviiperature  drop  to  3000^,  then  practically  all  of  the  eleaentary  barlua  1*  recozh- 
bitted  to  BaO.  Suggeatlon*  have  been  aade  for  laproveaent  of  barlua  yield  in  future 
experiaenta.  Finally,  aoae  brief  effort  was  applied  toward  the  detcnoinetlon  of  the 
physical  state  of  various  liquid  releases.  T^lthin  the  approxlaatlons  aade,  it  was  found 
that  the  aeversl  liquid  releases  considered  were  all  feasible. 

(2)  Matheaatical  Models  for  Chealcal  Release  Studies 

In  the  systeaatlc  analysis  of  chealcal  releases  an  ares  of  prime  laportance  is  the 
generation  and  proper  utilization  of  appropriate  theoretical  models  to  compare  to  the 
experlsMntal  data. 

The  concentration  field  of  the  cloud,  produced  by  the  released  contaminant  can  be  used 
to  SMSsure  rates,  provided  one  knows  the  Initial  and  boundary  conditions  which  ace 
associated  with  the  continuity  equations  of  the  concentration  field*  of  both  the  contam¬ 
inant  and  any  atmospheric  reactant.  Th*  continuity  equation  for  a  particular  substance 
can  be  viewed  as  a  specification  of  th*  physico-chemical  processes,  assumed  to  be  in  action, 
controlling  the  time  rata  of  change  of  density  of  the  particular  substance  whereas  the 
initial  and  boundary  conditions  assumad  for  th*  substance  specify  th*  constraints  on  th* 
coueeetratloa  field.  In  short,  these  specifications  of  continuity  equation  and  initial 
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•nd  kotmdary  eondltioiM  tfcity  a  mo6»l  tor  tha  artificial  cloud.  Additionally,  for  aach 
plaualbla  artificial  cloud  aodal  ona  can  aaaoeiata  the  axparlaantal  data  with  tha  paras- 
atara  of  tha  aodal. 

lha  ctirrant  affort  haa  ganaratad  a  nuwbar  of  auch  sodala  for  a  alnglo  aubatanca 
(AfCIL-222)  and  two  aubataneaa  (AVaL'223)  and  haa  darivad  tha  concentration  fiald  aquation 
for  aach  propoaad  nodal. 

for  tha  aingla  aubatanca  traatnant  tha  noat  ccnplicatad  nodal  Invaatigatad  (with 
raapact  to  tha  chani-phyaical  pxocaaaaa  aaaunad  to  ba  in  action)  ia  charactarixad  by  tha 
partial  diffarantlal  aquation 

-  D^n  -  0<n2 n  +  F0l,t)  t>0 

whara  tha  charactarlatie  phyaical  or  ehanlcal  proceaaaa  aaaoclatad  with  tha  varloua  taras 

2  2 

of  Iquation  (1)  arc  raapactlvalyi  (a)  diffualon,  DV  n;  (b)  raconblnation,  0(  n^; 

(c)  llnaar  growth  (or  decay) , ^  n;  and  (d)  acan  arbitrary  ganaratlon  (or  dacay)  procaaa 
at  point  K  in  apace  for  t&  0,  7(K,t). 

Vor  the  caaa  of  two  aubataneaa  (coupled  and/or  nutually  coupled)  an  analagoua  traat- 
nent  haa  been  generated  with  appropriate  nathenatlcal  conpronlaea  in  view  of  the  nore 
conplen  phyaical  altuatlon.  The  detaila  are  treated  extenaively  in  A7CU.-222  and  17(30.-223. 
The  noat  accurate  auaaary  ia  given  by  the  appropriate  Tablet  and  Sunaarlea  Included  in  thia 
report  in  Section  3.  Sona  apecific  plota  were  obtained  to  illuatrate  tha  utility  of  tha 
nodela  to  day,  night  and  twilight  releaaea.  Further,  they  Include  tone  initial  baaic 
nodala  for  tha  generation  of  theory  applicable  to  particulate  acatterlng,  xssonanca 
acattering,  cbenllunineacanca,  radar  propagation,  etc.  aa  aaaoclated  with  reloaaaa.  Tho 
currant  theoretical  nodela  effort  ia  better  auMarlaed  by  reference  here  to  gunary 
Sectlona  AFCTO.  222  and  223. 

(3)  Optical  Frooertlea  of  (ihanical  galeaaea 

The  value  of  an  undaratandlng  of  tha  optical  behavior  of  planned  axparlnanta  haa  bean 
diacuaaad.  Thia  phaaa  rapresanta  a  continuing  effort  for  the  undaratandlng  of  tho  pertinent 
areaa  of  raaonance  acattering  and  chenllunlneacance. 

A.  laaonance  gcattorlng 

Optical  propertiaa  of  reaonanca  clouda  with  diffualon  haa  bean  diacuaaad  in  aone 
detail  la  AIGU.  207;  tharafora,  no  dataila  ware  included  in  tha  praaent  report.  However, 
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T«bl«t  2a  ttffOttgli  2d  raproduead  hara  fro*  AVCU.  207  tarva  aa  a  coavaalant  caeidaaaatioa  of 
tha  eaelalcal  araa  eovarad.  Iha  Zablaa  idantify  tha  ^jraieal  problaM  Invastlgatad,  tha 
coreaapoodlnf  daflnlag  aquationa,  the  derived  coacentratlon  funetlona,  and  tha  pertinent 
•olutlona  for  tha  preceding  caaaa.  Tablaa  3a  through  3d  praaant  a  Bianaary  of  tha  tachnlquaa 
to  aaploy  for  reducing  and  analpalng  tha  data. 

However,  aalde  froai  tha  theoretical  approach,  eonaldarable  paraaeterlaatlon  waa 
accoapllahad  In  order  to  better  appreciate  aoae  of  tha  practical  lapllcatlona  of  tha 
theory  aa  to  proper  eaparlamital  dealgn  related  to  tha  detemlnatlon  of  geophyalcal  con- 
atanta  and/or  practical  utility  In  ayateaw.  A  few  exea^lea  of  thla  type  of  paraaeterlaatlon 
are  aioBarlzed  In  table  4  and  plotted  In  Flgurea  1,  2  and  3. 

the  data  dlaplayed  In  theae  Flgurea  llluatrate  the  aeveral  uaea  of  optical 
obaarvatlona  on  reaonance  clouda.  For  exanple,  thaae  or  related  deta  can  aerve  to  yield 
Infonaatlon  an  chaalcal  yield,  lonlaatlon  yield  (ualng  reaonant  Iona),  dlffualon,  aagnetlc 
field  allgnaMnt,  chealeal  conaunptlon  ratea,  and  aany  others  discussed  In  AFCSL  207  and 
AFOU.  218. 

An  additional  Xntereatlng  uae  of  theae  technlquea  la  In  the  enploywent  of 
reaonant  clouda  for  tha  detenlnatlon  of  dlffualon  aechanlans.  For  Illustration,  a 
specific  case  has  bean  Investigated  In  which  specified  releases  were  made  at  90,  110  and 
200  ka,  these  results  are  given  In  Figures  4,  5  and  6,  which  wake  evident  the  care  that 
aust  be  exercised  In  axperlaents  of  this  kind.  For  exa^>le,  the  critical  laportance  of 
understanding  the  roles  of  chaaical  consuaptlon,  solar  resonance  efficiency  and  dlffualon 
la  Bade  evident  In  tha  flgurea. 

Finally,  It  has  been  noted  that  the  reaonance  scattering  work  thus  far  has  dealt 
only  with  tha  case  of  back-scatter.  Generalisation  should  be  extended  to  the  cases  of 
where  the  phase  angle  differs  from  180**.  Further,  a  aora  exact  treataent  ualng  radiative 
transfer  techniques  should  be  perforaed. 

I.  Chaailualnascance 

Artificial  chaallitalnascent  clouda,  produced  by  releasing  known  aaounta  of 
specific  chealcsls  Into  the  upper  ataosphere,  at  prearranged  heights,  to  react  with  an 
ataoapharlc  In  such  a  aanner  aa  to  yield  lualnescence  can  be  eaployed  for  ataoapherlc 
exporiasats  and  also  aa  an  aid  to  understanding  aoaa  current  AF  applied  probleas  In  alsslle 
trail  taehaolegy.  However,  tha  present  need  for  technical  groundwork  la  evident,  to  thla 


•nd,  tlw  a]rtt«Mitie  study  of  chaalltHiiioBeancs  bss  boon  Inltlotod.  Horo,  uso  Is  aodo  of 
SOM  Mdols  gonorotod  In  Soetlon  3.  Ihoso  hsvo  boon  oxtondod  to  Ineorpocsto  tbo  ofpropcloto 
physics.  In  thoso,  tho  Inltlol  conditions  sssuMd  aro  written  in  sovoral  totM  of  arbitrary 
Initial  raloaso  gocMtrlos.  Tha  optical  propartlas  of  thaso  chowlluwlnoscont  cloud  aodols 
art  than  dsflnad  In  tarM  of  tha  density  functions;  thosa  froportlos  aro  (a)  F^^(r,t)«  tha 
photon  flux  per  unit  voIum,  (b)  B(d,t),  tha  brlghtnass  par  unit  area  along  a  lino  of  sight 
through  the  cloud,  and  (c)  F^(t),  tha  total  flux  of  the  cloud.  Sovoral  gaoMtrlc  aodols 
have  been  specif  lad  Including  spherically  syMstrlc  IntarMdlata  and  total  Gaussian 
releases . 

Other  oodele  deal  with  the  ehsallunlnescent  cloud  wodels  of  finite  extent  (In  one 
diaenslon,  at  least)  and  a  finite  hooogeneous  sphere  It  discussed,  lext,  a  spherical  shell 
aodel  with  an  unnlxad  core  la  discussed.  Finally,  tho  properties  of  a  finite  spherical 
cloud  ia  Investigated  for  which  tha  initial  releases  of  contaninant  ere  linear  and  para¬ 
bolic,  respectively. 

The  evaluation  of  the  various  aodels  has  proceaded  to  the  point  of  calculating  the 
various  kinds  of  brightness  profiles  and  flux  per  unit  voIum.  To  indicate  this,  som 
selected  graphs  are  Included  (Figs.  7-10).  They  are  self-explanatory  whan  used  In  con¬ 
junction  with  the  text. 

(4)  BF  Propagation  Studies  Includlna  Annllcatlons 
A.  KF  Propagation  Models 

The  slsqilest  electrooagnetic  aodel  applied  to  the  electron  cloud  Is  the  reflective 
one;  this  Iwplles  replaceaent  of  tha  cloud  by  a  totally  reflecting  surface  defined  by  the 
critical  radius  at  the  RF  wavelength  of  Interest.  A  wore  realistic  traatMnt  should  taka 
into  account  the  refractive  effects  for  wore  forward  geoMtrlcs  by  Introducing  the 
refractive  bending  of  the  Incident  energy  frost  the  undsrdense  electron  concentrations 
leading  to  greater  values  of  cloud  cross  section  and  efficiency  for  propagation  directions 
other  than  those  fron  slaple  backscatter.  It  la  concluded  that  a  fruitful  extension  of 
these  electroMgnetlc  aodels  Ilea  In  the  direction  of  a  traatMnt  of  the  problea  by  the 
techniques  of  geoMtrlc  optics  such  that  ray  tracing  should  be  applied.  It  Is  to  this  end 
that  SOM  of  tha  MthsMtlcal  Mdels  of  Section  3  have  been  generated.  This  extension  Is 
left  as  a  future  effort.  However,  to  doMnstrate  the  utility  of  the  IF  center-point  swdals 
SOM  results  are  given  here  (In  Figs.  11-14)  of  the  general  day  and  nlghttlM  Mdals  In 
terM  of  the  cantar-polnt  density  norMlised  by  the  Initial  canter-point  value. 
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Fro*  th«  «bov«  fi$ur«a  on*  can  obtain  knowladta  of  both  tht  Gauaalan  half-width, 


r_,  and  tha  tlaa  variation  of  tha  total  alactron  eontant,  and  can  than  calculate  the  aholl 
o 

radlua  of  any  particular  value  of  electron  danalty  and  Ita  tine  variation.  Xhla  In  turn  la 
alnply  convertible  Into  cloud  croaa  aactlon  aa  a  function  of  tine.  In  other  worda,  froa 
tha  data  which  have  been  caneratad  fron  tha  general  nodela,  the  tine  and  altitude  varle- 
tlona  of  both  critical  frequency  and  cloud  efficiency  or  croaa  aactlon  nay  be  obtained. 

B.  IF  Appllcatlona 

In  general,  the  IF  ayatena  to  which  the  artificially  generated  envlronnent  la  noat 
ainply  and  naturally  applied  are  In  the  areaa  ot  coenunlcatlona.  Theae  have  bean  dlacuaaed 
Individually,  atatlng  aavaral  characterlatlca  of  the  technology  with  reapect  to  the 
appropriate  nllltary  ayaten  Intereat.  Sone  dlacuaalon  hai  bean  given  to  apeclflc  appllca¬ 
tlona  to  coMinlcatlon  ayatena.  Finally,  aavaral  other  appllcatlona  were  gro.uped  In  tema 
of  a  unique  geonetry  claaa  and  a  propoied  Interaction  claia.  The  dlacrlnlnatlon  applica¬ 
tion,  wherein  a  cloud  la  generated  auch  that  a  decoy  enaenble  and  warhead  Inplnge  the  cloud 
upon  re-entry,  fit  Into  the  latter  category.  It  la  auggeeted  that  iMny  Interactlona  batween 
the  decoya  and  the  artificial  cloud  will  occur  which  auty  aid  in  dlacrlnlnatlon. 

C.  Optical  Appllcatlona 

Several  appllcatlona  to  nlaalle  trail  technology,  geophyalcal  naaaurenenta 
(Including  dlffualon,  chenlcal  ratea,  wlnda,  ahear,  reconblnatlon,  attachmnt,  etc.)  and 
other  AF  ayatena  have  been  auggeeted  at  varioua  placea  throughout  the  docunent.  Ihey  are 
not  well  auaMarlaed  out  of  context;  thua,  only  reference  la  nade  here  to  their  exiatence 
In  the  naln  text. 
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ROCKET  MEASUREMENT  OF  CHARGE  DENSITIES 


RIU  C.  Sagalyn 

Headquarters,  Air  Force  Cambridge  Research  Laboratories, 

^!r  Force  Research  Division  (ARDC),  Geophysics  Research 
Directorate,  L.  G.  Hanscom  Field,  Bedford,  Massachusetts 

Instruments  have  been  designed  and  constructed  for  the  rocket  measurement  of 
positive  and  negative  ion  and  electron  densities  and  their  energy  distributions.  Generating 
voltmeters  modified  for  the  measurement  of  ambient  electric  fields  in  the  ionosphere  have 
also  been  developed  and  successfully  flown.  The  sensitivity  range  of  these  instruments  is 
great  enough  to  measure  electrical  properties  both  in  the  undisturbed  atmosphere  and  in 
artificially  produced  ion  or  electron  clouds. 

In  August  1960  during  the  field  tests  carried  out  under  Project  Firefly,  a  Nike 
Asp  rocket  instrumented  for  the  measurement  of  positively  and  negatively  charged  particles 
was  launched  10  seconds  after  another  Nike  Asp  set  for  a  chemical  release  at  about  100  km. 
Due  to  malfunction  of  the  first  Nike,  the  artificially  produced  cloud  was  not  sampled, 
however,  valuable  information  on  ionospheric  charge  density  variations  around  sunset  was 
obtained  from  the  instrumented  rocket. 

Data  was  obtained  between  40  and  210  km.  On  the  ascent  the  ionosphere  was 
sunlit  above  80  km,  A  positive  ion  density  peak  of  1000  ions  per  cc  was  observed  at 
approximately  70  km,  A  sharp  Increase  in  charge  density  concentrations  was  found  between 
90  and  105  km  with  a  second  ionization  maximum  (10^  ions  per  cc. )  at  125  km.  A  slight 
depression  in  the  distribution  was  observed  at  140  km;  the  charge  density  concentration 
then  increased  steadily  with  altitude  to  apogee  at  210  km.  The  concentration  gradients 
measured  on  this  flight  are  about  a  factor  of  5  lower  than  those  observed  with  the  sci» 
instrumentation  on  earlier  flights  launched  around  local  noon. 

Photocells  mounted  on  the  rocket  showed  that  the  ionosphere  was  not  sunlit  on  the 
descent  below  150  km.  The  charge  densities  were  at  least  a  factor  of  5  lower  than  on  the 
ascent  between  150  and  80  km.  Below  80  km  the  ascent  and  descent  values  were  comparable. 
There  was  also  a  significant  decrease  in  the  concentration  gradients  at  the  base  of  tte  E 
region  on  the  descent  portion  of  this  flight. 
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Th*  flight  data  la  not  yet  completely  analysed,  however,  the  reaults  are  being 
applied  to  the  interpretation  of  production  and  loss  processes  in  the  ionosphere  near  sunset. 
After  evaluating  effective  recombination  and  diffusion  coefficients  from  this  data,  the  results 
will  be  examined  to  determine  the  specific  collision  processes  which  could  account  for  the 
observed  values. 
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NUSRIAUS  ISED  Of  PKMlOr  nHOIX  i960 


J.  L.  Broun 

Xoglnecrlttg  Experlaent  Station 
Georgia  Institute  of  Technology 
Atlanta,  Georgia 

Particle  slse  analyses  vere  isade  of  the  solar  scatter  mterlals  used  in  the  Tlrefly 
e^g^rlnents  to  detenalne  if  any  relationship  night  exist  between  particle  else  and  solar 
scatter  nsasurenents. 

The  naterlals  analyzed  vere  aluninun  oxides  SS  1  (Frances),  SS  2  (Lily),  SS  3  (Mavis)) 
cadmium  sulphide  (BCdy))  and  cobalt  powder  (Unda).  The  general  particle  size  range  vac 
sanll  enough  to  require  electron  mlcroacoiy* 

The  analytical  procedures  used  are  cannon  to  the  field  of  electron  sslcroscppy  and 
mlcromerltlcs  and  will  not  be  deslt  with  in  dstnil  here. 

» 

All  the  alumlniuB  oxide  saaqiles  seemed  to  possess  bimodal  particle  size  distributions. 
Sanple  SS  3  adhered  most  closely  to  the  predicted  size  with  a  median  size  of  0.027  microns; 
sample  SS  1  had  a  median  size  of  0.35  microns  while  SS  2  was  extremely  bimodsl.  with  95f  of 
the  i)articles  below  1  micron  in  size. 

ihe  cadmium  sulphide  contained  a  vide  mnge  of  particle  sizes  with  a  median  at  0.5 
microns.  Some  particles  vere  as  large  as  3  microns.  This  material  consisted  of  brownish- 
orange  transparent  crystals  as  observed  In  an  optical  microscope.  Ibis  property  should  be 
taken  into  account  In  analysis  of  solar  scatter  by  these  particles. 

The  cobalt  powder  could  not  be  dispersed  sufficiently  for  a  good  particle  count;  how¬ 
ever,  the  peirtlcles  are  aclcular  (needle-like)  In  shape  and  range  from  0.5  to  3  microns  In 
length. 

Particle  size  data  are  presented  here  In  the  fom  of  size-frequency  bar  graphs.  Ibis 
form  is  probably  the  most  convenient  to  relate  size  and  scattering  effects. 

Electron  micrographs  representing  typical  views  of  the  materials  are  Included  with 
this  reiKjrt. 


# 

A  distribution  lacking  Intermediate  sizes;  all  particles  either  large  or  small. 
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